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Editorial 
Transdermal hyoscine (scopolamine) and postoperative vomiting 


There has been no real reduction, during the last 50 years, in the incidence of nausea and vomiting 
following anaesthesia and surgery, despite continuing improvements in anaesthetic techniques. In his 
retrospective study of 10 000 patients in 1936, Waters quoted an incidence of postoperative nausea and 
vomiting of 40.6%,! and similar results have been reported in recent prospective studies.?"? These 
unwanted effects are often distressing and they occur in patients who, in many cases, will have undergone 
only minor surgical procedures. In a recent review, Palazzo and Strunin*-* concluded that postoperative 
nausea and vomiting are rarely the result of a single factor, and that for this reason their prevention and 
treatment may be far from easy. 

There are five main groups of anti-emetic drugs currently available: antihistamines (promethazine, 
cyclizine), phenothiazines (perphenazine, prochlorperazine) butyrophenones (droperidol, haloperidol), 
other dopamine antagonists (metoclopramide, domperidone), and the anticholinergic drugs (hyoscine 


and atropine). Of these, the anticholinergics are probably still the most widely used; for example,. 


Mirakhur et al. found that they were favoured by some 69% of anaesthetists in the United Kingdom.® 
The use of atropine as an anti-emetic was first described in 1883 by Brown-Séquard (reported in Burtles 
and Peckett”), but there have been few controlled studies of the efficacy of atropine or hyoscine in the 
treatment of postoperative vomiting. Riding showed that intramuscular atropine (0.6 mg), given before 
the anaesthetic, reduced postoperative nausea and vomiting by 50% when used alone, and by 47% 
when given with morphine (10 mg). Subsequent studies of atropine (0.6 mg) and hyoscine (0.4 mg) 
administered in combination with opiates have confirmed their short-lived anti-emetic actions.%!° 
Hyoscine is the more effective of the two, but its effects are outlasted by the emetic properties of 
morphine. 

The disadvantages of hyoscine when given by the intramuscular route are twofold. Firstly, the relative 
rapidity of its absorption leads to a high incidence of dose-related adverse effects. Secondly, its short 
half life (about one hour) results in a rapid dissipation of its action. Attention has therefore turned to 
the development of a slow-release formulation of hyoscine, which could, when applied to the skin, 
deliver the drug to the body at a slow, steady rate, thus reducing the incidence of its adverse effects and 
prolonging the duration of its therapeutic effects. 

It has been known for many years that the skin does not pose a barrier to the absorption of certain 
drugs. The occurrence of the systemic adverse effects of corticosteroids when applied to the skin under 
occlusive dressings is recognised as evidence.'! The ease with which a drug penetrates the skin depends 
on the integrity of the skin, the area to which the drug is applied, interindividual and regional differences 
in the quality of the skin, and certain physicochemical characteristics of the drug itself, for example, 
lipophilicity, low molecular weight, pH in solution.'? It has been shown that, for hyoscine, absorption 
is best via the postauricular skin, and the application of hyoscine to that area in a preformulated slow- 
release patch is supposed to result in delivery of drug to the body at a rate which depends on the 
formulation and not on the nature of the skin itself.!2 Pharmacokinetic studies have shown that the 
urinary excretion of hyoscine following the application of a single patch is similar to that seen during 
continuous low-dose intravenous infusion, and that the drug continues to be absorbed for up to 3 days 
after initial application.!? One would therefore expect that hyoscine, when administered in this fashion, 
would provide prolonged protection, as it does in motion sickness, against postoperative nausea and 
vomiting, with a low incidence of adverse effects. That it does not provide prolonged protection is 
suggested by the results of the double-blind placebo-controlled study reported by Uppington and his 
colleagues in the present issue (p. 16). 

The use of transdermal hyoscine for the prevention of postoperative nausea and vomiting in this way 
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is not new. In a double-blind, placebo controlled comparison with intramuscular hyoscine, Jackson 
et al. showed that pre-operative sedation was greater after intramuscular administration, but there 
was nc improvement in postoperative nausea and vomiting.'* A placebo controlled study in children 
showed no difference in the incidence of postoperative vomiting, but there was an unacceptably high 
incidence (5 out of 24 children) of pre-operative adverse effects, namely extreme agitation and hallucina- 
tions.'* In contrast to these two studies, the present study has shown that transdermal hyoscine reduced 
the incidence of nausea and vomiting compared with placebo, although there was no significant 
reduction in the treated group in the number of doses of metoclopramide required in the postoperative 
period. Furthermore, the duration of the therapeutic effect was short, only 24 hours, and the overall 
incidence of severe nausea and vomiting in the treated patients over the whole 72-hour study period 
was as high as in the untreated patients (68.4%). 

The reasons for these disappointing results are not clear, particularly the failure of transdermal 
hyoscine to protect against nausea and vomiting for more than 24 hours. However, there are possible 
pharmacokinetic and pharmacodynamic explanations, assuming that the patches used were phar- 
maceutically reliable. Firstly, it has been shown that although release of hyoscine from transdermal 
patches is uniform, as judged by urinary hyoscine excretion from 24-84 hours after initial application, 
there is a peak of higher urinary excretion at 12-24 hours after application. The lack of therapeutic effect 
after 24 hours may therefore simply have been due to the failure of the system to provide high enough 
plasma concentrations during that time after the initial peak. Secondly, it is possible that some 
unidentified factors interfered with the pharmacological effects of the drug after 24 hours, although the 
careful matching of the treated patients with controls should have minimised effects of that kind. 
Thirdly, it is possible that the patients developed tolerance to the effects of hyoscine after 24 hours, as 
has been suggested in patients being treated for motion sickness.'¢ 

Whatever the reasons for the poor therapeutic outcome, the next step should be a study of the efficacy 
of transdermal hyoscine given at intervals of 24 hours, since there was certainly evidence in the current 
study that unwanted effects were few. In this way, it may prove possible to improve the mode of 
administration and thus to achieve increased therapeutic benefit from this formulation, particularly if 
the initially faster rate of release is important. Furthermore, such a study would also test the hypothesis 
of the occurrence of pharmacological tolerance after 24 hours of continuous administration, 
and could thus provide information of great pharmacological interest. Ideally, studies of this kind 
should also include plasma or at least urinary hyoscine concentration measurements as part of their 
design in further elucidation of these questions, and this is an undoubted defect of the studies reported 
here. 

Until more evidence of this kind becomes available, the use of hyoscine, either intramuscularly or 
by transdermal patch, should not be regarded as a first line approach in the prevention of postoperative 
nausea and vomiting. 


MRC Unit and University Department of Clinical Pharmacology J.K. ARONSON 
Nuffield Department of Anaesthetics, J.W. SEAR 
Radcliffe Infirmary, 
Oxford OX2 6HE 
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Thiopentone levels during cardiopulmonary bypass 


Changes in plasma protein binding during continuous infusion 


D. J. MORGAN, D. P. CRANKSHAW, P. R. PRIDEAUX, H. N. J. CHAN AND 
M. D. BOYD 


Summary 


Plasma total and unbound concentrations of thiopentone were investigated during exponentially decreasing 
infusions in seven patients undergoing cardiopulmonary bypass. Total plasma thiopentone concentrations 
reached a plateau (10.2, SD 2.1 pg/ml) soon after the initial bolus dose and commencement of the infusion. 
Concentrations were maintained until the onset of cardiopulmonary bypass, whereupon total plasma 
thiopentone concentration fell abruptly to 50.0 (SD 5.8) percent of the prebypass level. The unbound 
Jraction of thiopentone increased from 16.6 (SD 1.9) percent before bypass to a maximum of 29.3 (SD 
5.6) percent during bypass (p < 0.01), decreased to 22.9 (SD 3.3) percent at the end of bypass (p < 0.01), 
but was still elevated 5-7 hours later (20.5, SD 2.5 percent). The result of the changes in binding was a 
smaller decline in unbound thiopentone concentration at the onset of bypass to 76.4 (SD 15.7) percent of 
the prebypass level. Also, unbound levels returned to the prebypass level by the end of bypass, whereas total 
levels remained low. 


Key words 


Anaesthetics, intravenous; thiopentone. 
Surgery; cardiopulmonary bypass. 


We have recently developed a method of ad- 
ministering thiopentone by exponential infusion, 
with which relatively constant plasma thiopen- 
tone concentrations are achieved. Extracorporeal 
circulation is associated with profound physio- 
logical changes, such as haemodilution, hypoten- 
sion, hypothermia and diminished renal and 
hepatic function.' Such changes may influence 


drug disposition, resulting in either higher?~* or. 


lower>~!? plasma drug concentrations, depend- 
ing on the particular drug. The aim of this study 


was to investigate the effect of cardiopulmonary 
bypass on total and unbound plasma thiopentone 
concentrations in patients undergoing cardiac 
surgery and receiving thiopentone as the primary 
hypnotic agent. 


Methods 


After obtaining institutional approval, seven 
consenting adult male patients of mean age 57 
years (range 35-73 years) and mean weight 79 kg 











D.J. Morgan, MSc, PhD, Senior Lecturer in Pharmaceutics, H.N.J. Chan, M. Pharm, Postgraduate Student, 
Victorian College of Pharmacy, 381 Royal Parade, Parkville, D.P. Crankshaw, FFARACS, PhD, Senior Lecturer 
in Anaesthetics, M.D. Boyd, M.Appl.Sci. (Biophysics), Postgraduate Student, University Department of Surgery, 
The Royal Melbourne Hospital, Parkville, P.R. Prideaux, FFARACS, Staff Anaesthetist, Department of 
Anaesthetics, The Royal Melbourne Hospital, Parkville Victoria, Australia. 

Correspondence should be addressed to Dr D.P. Crankshaw, University Department of Surgery, P.O. The Royal 
Melbourne Hospital, Victoria, Australia 3050. 
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(range 74-88 kg) undergoing coronary artery by- 
pass surgery were studied. None of the patients 
showed any clinical or biochemical evidence of 
hepatic or renal dysfunction. All patients were 
premedicated approximately 90 minutes before 
surgery, with either papaveretum 20 mg and 
hyoscine 0.4 mg or diazepam 5 mg and droperidol 
5 mg. Prior to induction, some patients received 
up to 5 mg of diazepam intravenously to produce 
further sedation. Anaesthesia was induced by an 
intravenous bolus dose of thiopentone (1.49-1.92 
mg/kg lean body mass) with the aim of achieving 
an initial plasma concentration close to the 
desired level. Each patient’s lungs were mech- 
anically ventilated after tracheal intubation. 
Anaesthesia was maintained with a mixture of 
nitrous oxide in oxygen (50-70 percent), intra- 
venous fentanyl, pancuronium and thiopentone 
sodium. The infusion regimen for thiopentone 
was designed to achieve a constant plasma thio- 
pentone concentration of about 15 ug/ml shortly 
after the bolus dose, and to maintain this concen- 
tration throughout surgery. 

A constant plasma thiopentone concentration 
was achieved by infusing thiopentone at an ex- 
ponentially decreasing rate, according to the 
general method described by Kruger-Thiemer.'? 
In using this method, a linear mamillary three- 
compartment open model was assumed for the 
pharmacokinetics of thiopentone. The function 
I(t) describing the infusion was: 


I) = (Ca-Cl. LBM 0) (kio + ki2exp(— kaif) + 

kız ekp (—k3,0)) (1) 
where C,, is the desired teady-state plasma thio- 
pentone concentration, Chis the plasma clearance 
of thiopentone normalised, to lean body mass 
(LBM) and kio, X12, k21, k13 and k3, are para- 
meters of the three-compartment model.'* 
Population average parameter values for input to 
the equation were calculated by standard 
methods!* from literature data,!57!8 and are 
shown in Table 1. The plasma clearance of thio- 
pentone was normalised to lean body mass 
(LBM) in Table 1 by assuming that the mean 
LBM of all subjects in the cited studies!5~ 18 was 
55 kg. The LBM of each of our patients was 
estimated by using the equation of Wulfsohn and 
Joshi:19 


% fat = 90 — 2 (height (inches)—girth (inches)) 
(2) 
_ TBW (100—% fat) (3) 


LBM 
100 


Table 1. Population mean pharmacokinetic para- 
| meters of thiopentone* 


P 8.29 x 107>/ml 
A’ 1.89 x 1075/ml 
B’ 6.80 x 107 °/ml 
T 0.231 /minute 

a 0.0141/minute 
B 0.00127/minute 
kia 0.159/minute 
k21 0.0608/minute 
ki3 0.0327/minute 
kay 0.00446/minute 
kio 0.0216/minute 
Vda ; 100 litres 

Cl 2.87 ml/minute/kgLBM 
Dose 347 mg 

LBMt 55 kg 


*P’, A’, B’ are dose corrected coefficients and x, a, B 
are hybrid rate constants of the tri-exponential equation 
describing thiopentone plasma concentrations fol- 
lowing intravenous bolus administration. k12, k21, ky3, 
k31, Kio are the rate constants for the classical three 
compartment model.!* 

tAssuming a mean population LBM of 55 kg. 


Thiopentone was administered as a 2.5 percent 
solution of the sodium salt in water (for injections 
BP) via a syringe pump controlled by a Texas 
Instruments 980A minicomputer. Further details 
of the derivation of equation (1) and of the 
infusion method are presented by Crankshaw 
et al,?° 

Cardiopulmonary bypass was by extra- 
corporeal roller pump (Polystan, Denmark) 
equipped with a disposable oxygenator (Bentley 
Bos 10 or Cobe—Optiflow II) and a heat ex- 
changer. The priming solution consisted of 1 litre 
of an electrolyte solution (Plasmalyte 148 in 5% 
dextrose, Travenol Laboratories Pty Ltd), 1 litre 
of a fraction of pooled human plasma containing 
50 g/litre total protein (Stable Plasma Protein 
Solution, Commonwealth Serum Laboratories, 
Melbourne), 60 mmol sodium bicarbonate, 2.5 
mmol calcium chloride and 5000 units of heparin. 
Additional heparin was given before insertion of 
the caval and aortic cannulae. During cardio- 
pulmonary bypass, pump flow rate was ap- 
proximately 2.22 litres/minute/sq m; haematocrit 
fell to 0.22-0.30 and blood temperature was 
reduced to below 28°C. Rewarming was started 
approximately 30 minutes after commencement 
of bypass. After the termination of bypass, the 
effects of the heparin were reversed with pro- 
tamine sulphate as monitored by the activated 
clotting time. Blood in the extracorporeal circuit 
was transfused back into the patient by slow 


“ 
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intravenous infusion in the postbypass and re- 
covery periods. 

During the thiopentone infusion, 3-ml blood 
samples were collected into 10-ml lithium heparin 
tubes via the arterial cannula placed for blood 
pressure recording and blood gas determination. 
Samples were taken at 2-5 minute intervals 
during the first 10-15 minutes of bypass and, 
thereafter, approximately every 10 minutes until 
the end of the infusion. Blood samples were 
stored on ice and centrifuged at 1600 g for 5 
minutes as soon as possible after collection, 
usually within 15 minutes. Plasma was analysed 
immediately for plasma protein binding deter- 
minations or stored frozen (— 5 to — 10° C) until 
analysis for total thiopentone. Unbound plasma 
thiopentone concentration was measured in 
selected samples throughout the study period. 
During cardiopulmonary bypass, unbound con- 
centration was measured in alternate samples. In 
the remaining samples, unbound concentration 
was calculated using the average of the unbound 
fraction measured in neighbouring samples. 
Plasma thiopentone concentration was assayed 
by high pressure liquid chromatography.!7 The 
coefficient of variation for this assay was 
3.2 percent (n = 4), 2.5 percent (n = 4) and 1.6 
percent (^ = 4) at plasma thiopentone concentra- 
tions of 50 ng/ml, 4.8 ug/ml and 60 ug/ml, respec- 
tively. The coefficient of variation for the assay of 
ultrafiltrates was 2.6 percent (n = 4) at 60 ng/ml. 

The plasma protein binding of thiopentone was 
determined using the Micropartition System 
MPS-! (Amicon Corporation, U.S.A.). Plasma 
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(0.5 ml) was filtered in an atmosphere of 5 percent 
carbon dioxide in oxygen at 37°C for 20 minutes, 
which yielded 0.25-0.30 mi of ultrafiltrate. After 
verifying the absence of protein (Albustix, Ames) 
ultrafiltrates were assayed for thiopentone using 
the method described for plasma. The unbound 
fraction of thiopentone was taken as the ratio 
ultrafiltrate concentration/concentration in an 
aliquot of unfiltered plasma. Control experi- 
ments, in which previously prepared ultrafiltrates 
spiked with thiopentone (0.09 ug/ml) were sub- 
jected to ultrafiltration, demonstrated negligible 
loss of drug to the apparatus during the filtration 
process. The coefficient of variation of the 
method from replicate determinations of un- 
bound fraction on a single plasma pool was 
2.5 percent (n= 5) at a plasma concentration 
of 22.7 ug/ml. The plasma albumin concentration 
was determined by radial immunodiffusion using 
M-Partigen albumin plates (Behringwerke, AG). 
Data are presented as mean and standard devia- 
tions. Correlation between variables were in- 
vestigated by linear regression and differences 
among means of two or more groups of depen- 
dent data by the Bonferroni t-test?! assuming 
normally distributed data. A probability value of 
less than 0.05 was considered statistically sig- 
nificant. 


Results 


The infusion pattern, and the profiles of total and 
unbound thiopentone concentration of one of the 
patients during surgery are shown in Fig. 1. 


Infusion rate 
{mg/min. kg/LBM) 


120 t60 200 


Time (min) 


Fig. 1. Plasma total and unbound thiopentone con- 
centrations (left-hand scale) during exponential 
infusion of thiopentone (hatched area, right-hand scale) 


for cardiac surgery for patient 5. The initial bolus dose 
was 1.79 mg/kg LBM. 
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Fig. 2. Total plasma thiopentone concentrations 
during continuous infusion. The point of reference (zero 
time) is taken as the start of bypass. 
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Fig. 3. Unbound (free) plasma thiopentone concentra- 
tions during continuous infusion. The point of reference 
(zero time) is taken as the start of bypass. 


Figure 2 shows the profiles for total thiopentone 
for all seven patients. With the exception of 
patient seven, in whom the thiopentone infusion 
was not commenced until 8 minutes after the 
bolus dose, the profile of total plasma thio- 
pentone was relatively stable prior to the onset of 
bypass. Immediately prior to bypass, the mean 
total plasma thiopentone concentration was 10.2 
(SD 2.1) ug/ml, some two thirds of that predicted 
from averaged pharmacokinetic data. At the 
onset of bypass, there was an abrupt decline in 
total plasma thiopentone concentration to 4.90 
(SD 1.14) ug/ml, which was 50.0 (SD 5.8) percent 
of the prebypass level. Plasma concentrations 
then rose gradually and reached a new plateau of 
6.99 (SD 1.38) ug/ml, which was 70 (SD 8.8) per 
cent of the prebypass level. 

The profiles of plasma concentration of un- 
bound thiopentone during surgery are shown in 
Fig. 3. Shortly before the onset of bypass, the 
mean plasma concentration of unbound thio- 
pentone was 1.69 (SD 0.38) ug/ml. Following the 
onset of bypass, there was a smaller decline in 
plasma concentrations of unbound thiopentone, 


which fell to 1.29 (SD 0.39) pg/ml, which was 
76.4 (SD 15.7) percent of the prebypass level. 
Unbound levels then increased more rapidly than 
total levels, such that at the end of bypass, mean 
unbound concentration was 1.62 (SD 0.43) 
ug/ml, which was similar to the prebypass un- 
bound level. 

The mean unbound fraction of thiopentone in 
plasma was 16.6 (SD 1.9) percent before bypass, 
increased significantly to 29.3 (SD 5.6) percent 
shortly after the onset of bypass and was still 
elevated at the end of bypass (22.9, SD 3.3 per- 
cent), and 5-7 h after cessation of bypass (20.5, 
SD 2.5, percent, Table 2). During bypass, hae- 
matocrit fell from 0.44 (SD 0.02) to 0.25 (SD 
0.03), due to haemodilution by the pump priming 
solution. In a separate study, the mean unbound 
fraction of thiopentone in the pump priming solu- 
tion (albumin concentration 20.8 g/litre) was 52.8 
(SD 1.2) percent (n = 3) at a thiopentone con- 
centration of 7.45 ug/ml. In plasma samples taken 
before, during and 5-7 hours after bypass, the 
plasma albumin concentrations were 36.2 (SD 
2.5) g/litre 27.7 (SD 2.4) g/litre and 36.1 (SD 
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Table 2. Plasma protein binding of thiopentone before, during and after bypass 
Percent thiopentone unbound 


Maximum during 


Subject Before bypass bypass 
1 15.1 26.4 
2 17.2 32.1 

3 16.7 i 39.1 

4 19.4 29.5 

5 13.3 20.7 
6 17.6 29.1 

7 16.8 28.3 
Mean 16.6 29.3* 
sD 1.9 5.6 


At cessation 
of bypass After bypass 
23.3 | 21.3 
21.3 21.4 
27.7 23.3 
22.2 22.5 
17.1 16.3 
25.4 20.6 
23.0 17.8 
22.9*t 20.5*t 
3.3 2.5 





*Significantly greater than prebypass value (p <0.01). 


tSignificantly less than maximum during bypass (p <0.01). 


4.0) g/litre, respectively. There was a strong cor- 
relation between the binding ratio of thiopentone 
(ratio of plasma bound fraction/unbound 
fraction*?) and the plasma albumin concentra- 
tion (r = 0.69, p<0.001, n = 28) before and after 
bypass. This suggests that the decrease in plasma 
binding during bypass was due largely to haemo- 
dilution. 


Discussion 
The combination of an induction bolus dose and 
an exponentially decreasing infusion of thio- 
pentone was successful in maintaining plasma 
thiopentone concentrations relatively constant 
up until the onset of bypass (Fig. 2). The average 
level achieved, however, was somewhat lower 
than that expected and of a similar order to that 
reported in a previous study.?° Possible reasons 
for the departure from the desired level may relate 
to the mean LBM of 55 kg assumed for the pre- 


‘ vious studies, differences in the sex distribution 


between different studies or to the relatively small 
data base available for the generation of the aver- 
aged pharmacokinetic constants. A further pos- 
sibility is that some real difference exists in both 
distribution and clearance of thiopentone be- 
tween the conditions during infusion and the 
hours following dosage where single dose kinetic 
parameters are derived. 

At the onset of bypass, total plasma thiopen- 
tone concentration fell abruptly by about half. 
The fall in haematocrit was of the same order, 
suggesting that haemodilution was the cause of 
the fall in total thiopentone levels. Haemodilu- 
tion also appeared to cause a decrease in plasma 
protein binding of thiopentone during bypass. 


Unbound fraction of thiopentone increased from 
16.6 (SD 1.9) percent before bypass to a 
maximum of 29.3 (SD 5.6) percent during bypass 
(Table 2). An increase in plasma nonesterified 
fatty acid (NEFA) concentration in vitro fol- 
lowing heparin administration to the patient has 
been shown to cause an artefactual decrease in 
protein binding of certain drugs in plasma col- 
lected during bypass.??-?* It is unlikely that this 
caused the decrease in thiopentone binding 
because collection of blood in ice and the short 
duration of ultrafiltration (20 minutes) minimise 
in vitro NEFA formation.?3:*4 Furthermore, 
thiopentone binding in plasma is not altered by 
the in vitro addition of NEFA.?5 On the other 
hand, there was a strong correlation between the 
binding ratio of thiopentone and the plasma al- 
bumin concentration, and the binding of thio- 
pentone in the pump priming solution was low 
(52.8, SD 1.2, percent unbound). As discussed by 


- Nielsen et al.,?? the extent of the drug—protein 


interaction, as given by the ratio of the bound 
concentration (B) to the free concentration (F), 
depends on the number of binding sites (n), the 
protein concentration (P), the dissociation 
constant of the binding (Xp) and the free drug 
concentration according to: 





ar eee (4) 


From this equation,?? it is clear that the extent 
of drug-protein binding is related to P and that 
the relationship is linear when Kp is much greater 
than F, as it is in this case. The binding would 
therefore be expected to decrease with a decrease 
in plasma protein concentration. This confirms 
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that the main cause of the low binding of thio- 
penton during bypass was haemodilution. 
At the onset of bypass, the unbound plasma 


. thiopentone also decreased (Fig. 3), but the 


decrease was smaller than that -with total thio- 
pentone, probably because of the compensatory 
effect of the concomitant increase in unbound 
fraction of drug in plasma. During bypass, the 
total thiopentone level rose gradually, but did 
not reach the prebypass level by the end of the 
infusion. The decrease in unbound thiopentone 
level was more transient, however, as the pre- 
bypass level was reached by the end of bypass. 
The onset of cardiopulmonary bypass has been 
found to affect plasma drug concentrations in a 
variety of ways, depending on the particular drug. 
With several of the muscle relaxants, plasma con- 
centrations of both total and unbound drug 
increase at the onset of bypass, and dosage require- 
ments decrease, possibly due to contraction in 
blood volume or decreased tissue perfusion.?~* 
Conversely, total plasma concentrations of a 
variety of other drugs have shown about a 50 
percent decrease at the onset of bypass, pre- 
sumably due to haemodilution.5>~!? Apparent 
slow elimination of some drugs during and/or 
after bypass has been explained in terms of a 
reduction in renal excretion,’ or a reduction in 
metabolic clearance due to either decreased 
hepatic blood flow5~’ or hypothermia.”"* How- 
ever, most of these studies failed to measure 
plasma concentrations of unbound drug, used a 
single bolus dose rather than continuous ad- 
ministration and used kinetic parameters derived 
from data extending over the entire operative 
period. Such limitations compromise the ac- 
curacy of the conclusions from these studies. 


In the present study, the effect of bypass on l 


thiopentone plasma concentrations was in- 
vestigated under essentially steady-state con- 
ditions. Thiopentone is eliminated mainly by 
hepatic metabolism,?6 and its hepatic extraction 
ratio!” is of the same order as the unbound frac- 
tion of the drug in plasma (Table 2). Thiopentone 
may therefore be classified as a member of the 
capacity-limited restrictively cleared group of 
drugs.?7 Following a decrease in binding of such 
a drug, steady-state total drug levels will fall but, 
apart from some initial fluctuations, the steady- 
state unbound drug concentration will remain 
relatively unchanged. This has been illustrated 
well in a study of the displacement of bilirubin 
from plasma proteins by sulfisoxazole in rats.?8 


The relatively prompt return of the unbound 
thiopentone level to the prebypass value is con- 
sistent with this predicted: behaviour. The un- 
changed unbound level also implies that the 
intrinsic, or unbound clearance of thiopentone 
remained unchanged throughout surgery. As it is 
the unbound moiety that is pharmacologically 
active, the thiopentone dosage requirements 
should not change during bypass, provided the 
relationship between unbound concentration and 
anaesthetic effect remains constant. 

In conclusion, this study shows that changes in 
thiopentone plasma binding during cardio- 
pulmonary bypass compensate for considerable 
haemodilution and, as a result, the unbound con- 
centration of thiopentone is unaffected. Thus, a- 
preprogrammed exponentially decaying thio- 
pentone infusion may be a suitable anaesthetic 
technique for cardiac surgical patients, on the 
grounds that a steady concentration of the active 
fraction of the primarily hypnotic agent is main- 
tained throughout the period of administration. 
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C-reactive protein in patients undergoing cardiac surgery 


H. BORALESSA, F. C. DE BEER, A. MANCHIE, J. G. WHITWAM 
AND M. B. PEPYS 


Summary 

Among 25 patients undergoing cardiac surgery with the aid of cardiopulmonary bypass, 13 who recovered 
uneventfully all had normal (< 2 mg/litre) levels of serum C-reactive protein pre-operatively. In contrast, 
10 of the 12 patients who suffered from various postoperative complications, including two who died, had 
abnormally raised levels of C-reactive protein pre-operatively. All patients showed a major acute phase 
response to surgery with peak C-reactive protein levels at about 46 hours but, whereas the uncomplicated 
cases showed a characteristic smooth biphasic pattern of declining levels thereafter, the complicated cases 
all exhibited significant alterations of this pattern. The occurrence during the postoperative period of a 
secondary rise in C-reactive protein or the failure of the level to continue falling, generally preceded clinical 
evidence of intercurrent infection. Pre-operative measurement of serum C-reactive protein may thus make 
a valuable contribution to the assessment of patients requiring elective cardiac surgery, regular post- 
operative monitoring can provide early warning of serious complications. 
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Surgery; cardiopulmonary bypass. 
Allergy; C-reactive protein. 


Cardiac surgery with cardiopulmonary bypass is 
a major procedure, usually performed electively, 
following which there is a significant incidence of 
serious complications, including pulmonary col- 
lapse, bacterial infections, myocardial infarction 
and pulmonary embolism. +? The management of 
such patients would be improved if it were pos- 
sible to identify pre-operatively those individuals 
in whom the risks of a postoperative complication 
were greater, and if the occurrence of such 
complications could be recognised as early as pos- 
sible. 


C-reactive protein is the classical acute phase 
protein; its circulating concentration increases 
from trace levels in healthy subjects, in response 
to most forms of tissue injury, infection and in- 
flammation.?~ > This non-specific response of the 
C-reactive protein concentration may occur very 
rapidly, and increases from normal to over a 
thousand-fold are seen within 24-48 hours of an 
acute stimulus, such as a major surgical opera- 
tion. With prompt resolution of a stimulus, such 
as effective therapy of a microbial infection, the 
level may fall equally rapidly.>~* 
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We have therefore investigated the possible 
role of frequent sequential measurement of the 
serum concentration of C-reactive protein in the 
management of patients undergoing cardiac sur- 
gery with cardiopulmonary bypass. 


Methods 


Thirteen male and twelve female patients under- 
going coronary artery or valvular surgery with 
standard anaesthetic, operative and bypass pro- 
cedures, were studied. Pre-operative diagnoses 
and identification of postoperative complications 
were established by standard clinical, micro- 
biological and other laboratory tests and criteria. 


operatively, immediately after surgery and ap- 
proximately 12 hourly each day until discharge 
from hospital. In ten patients, samples were also 
taken immediately after induction of anaesthesia, 
after heparinisation, and at 10, 20, 30 and 60 
minutes after commencement of cardiopulmon- 
ary bypass. The blood was allowed to clot at 
room temperature for | hour before separation of 
serum which was stored frozen at — 20°C. 

The C-reactive protein concentration was 
measured in an electro-immunoassay which was 
calibrated with standards of isolated pure protein 
and had a coefficient of variation of replicate 
assays of less than 10%.67 The lower limit of 
sensitivity of the assay was 2 mg/litre; 90% of 
normal healthy subjects have levels less than 3 


Table 1. Postoperative complications following cardiac surgery 


Venous blood samples were taken pre- 
Pre-operative serum 
C-reactive protein 
concentration 
Patient Diagnosis (mg/litre) 
1 Aortic stenosis 35 
2 Mitral valve disease 26 
3 Subacute bacterial 9 
endocarditis on 
prosthetic mitral 
valve 
4 Eosinophilic 28 
myocarditis 
5 Marfan’s syndrome 116 
Severe biventricular 
failure 
6 Aortic stenosis 11 
7 Aortic stenosis 4 
8 Eosinophilic 4 
myocarditis 
9 Mitral valve disease. 162 
Previous mitral valve 
replacement 7 days 
earlier 
10 Aortic stenosis 74 
I1 Coronary. 2 
: atherosclerosis 
12 Coronary 2 
atherosclerosis 


Procedure Complication 
Aortic valve Intra-operative 
replacement death 
Mitral valve E. coli pneumonia 
replacement 
Mitral valve Pseudomonas 
replacement pneumonia ` 
Mitral valve Cardiac failure 
replacement Pulmonary oedema 
Aortic valve Pulmonary infarction 
replacement 
Aortic valve Enterobacter 
replacement pneumonia 
Wound infection 
Aortic valve Enterobacter 
replacement pneumonia 
Aortic valve Pneumonia 
replacement 
Repair of Pneumonia and 
paraprosthetic urinary infection 
leak with Pseudomonas 
Emergency aortic Myocardial splenic 
valve replacement and pulmonary 


infarction. Broncho- 
pneumonia. Death 
day 7. 

Peri-operative 
myocardial 
infarction. Sudden 
death day 12 without 
fresh infarction. 
Pneumonia 


Coronary artery 
bypass graft 


Coronary artery 
bypass graft 





A 


meg/litre and 99% have less than 10 mg/litre.* 
Although the. samples were collected prospec- 
tively, the assays were performed in batches, after 
the clinical study was completed. The serum 
values do not fall within a normal distribution 
and the significance of differences between 
maximum levels at different intervals and in dif- 
ferent groups was therefore sought using Wil- 
coxon’s rank sum test. 


Results 


Thirteen of the patients studied recovered un- 
eventfully and were discharged from hospital 
9-10 days after operation. The other 12, however, 
all suffered some form of complication which 
resulted in death in 3 cases and, in the remainder, 
necessitated a more prolonged stay in either the 
intensive care unit, the convalescent ward or 
both. The pre-operative C-reactive protein values 
in these two groups of patients were significantly 
different. All the patients who recovered without 
incident had normal levels of <2 mg/litre, but ten 
of the twelve who developed complications had 
raised levels (Table 1), including one who had had 
a mitral valve replacement 7 days before the 
operation to repair a paraprosthetic leak. 

Three individuals died during the study period. 
One was a 69-year-old woman undergoing emer- 
gency aortic valve replacement whose pre- 
operative C-reactive protein was 74 mg/litre, and 
who died 7 days later. Autopsy revealed a week 
old myocardial infarct, bronchopneumonia, 
splenic and pulmonary infarcts. The second was 
a 65-year-old woman with a level of 34 me/litre, 
who was in a low output state pre-operatively and 
who died during an emergency coronary artery 
bypass operation for unstable angina. The third 
was a 52-year-old man whose pre-operative C- 
reactive protein was 2 mg/litre, but who suffered 
a peri-operative myocardial infarction from 
which he apparently made a good recovery. How- 
ever, he died suddenly on day 12. No other cause 
of death was found at autopsy. 

No immediate increase of C-reactive protein 
concentration was seen following induction of 
anaesthesia or the institution of cardiopulmonary 
bypass in the 10 patients in whom early samples 
were taken. However, as expected, there were 
major postoperative rises in all the patients with 
the peak at a mean of 46 hours (SD 12 hours) after 
surgery. Among the 13 patients who recovered 
uninterruptedly, there was a biphasic decline in 


C-reactive protein 13 
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Days after surgery 
Surgery 


Fig. 1. Serum C-reactive protein concentration in in- 

dividuals undergoing cardiac surgery in whom there 

was an uneventful postoperative course. Each point 

represents a single estimation in an individual patient. 

All patients had normal levels (2 mg/l) pre-operatively. 

The lines join the median values at each interval. CRP, 
C-reactive protein. 


the protein levels (Fig. 1). There was an early 
rapid fall from a median value of 232 mg/litre at 
the peak to a median of 75 mg/litre at 5 days, 
followed by a more gradual] reduction, continuing 
smoothly through a median of 42 mg/litre at 7 
days until the patients were discharged after 10 
days. Two patients in this group had episodes of 
chest pain and 2 others: developed dysrhythmias 
requiring cardioversion, but there was no C- 
reactive protein response to these events and they 
did not affect the patients’ general clinical 
condition. 

The peak levels attained in the group who sub- 
sequently developed. complications (median 
208 mg/litre) were not significantly different from 
those in the uncomplicated group; however, there 
was a marked difference, in the subsequent 
pattern (Fig. 2). Thestnedian value’ was higher at 
99 mg/litre on day, 52 <0 05) andfemained at 


100 mg/litre on day{7. OWE: , These Wis tortions 
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Fig. 2. Serum C-reactive protein concentration in in- 

dividuals undergoing cardiac surgery in whom there 

was a complicated postoperative course. Each point 

represents a single estimation in an individual patient. 

The lines join the median values at each interval. CRP, 
C-reactive protein. 
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Fig. 3. Serum C-reactive protein response to serious 

postoperative infection in patient 9 who underwent two 

operations for repair of paraprosthetic leakage follow- 

idg mitral valve replacement. CRP, C-reactive protein. 
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Fig. 4. Serum C-reactive protein response to bacterial 
infection of low virulence following elective aortic valve 
replacement (patient 7). CRP, C-reactive protein. 


to surgery were due either to secondary elevations 
in the C-reactive protein level in patients who 
suffered serious bacterial infections, for example 
with Pseudomonas, (Fig. 3), or in whom myo- 
cardial or pulmonary infarction occurred, or a 
failure of the fall in levels to be maintained, as in 
patients who were infected with less virulent 
organisms such as Enterobacter (Fig. 4). It was 
notable that, in both cases, the change in C- 
reactive protein response, that is the failure of 
levels to continue falling or the occurrence of a 
secondary rise, generally preceded clinical 
evidence of the causative complication by as 
much as 24 hours (Figs 3,4). 


Discussion 
The present results confirm other work?™1° on 
the patterns of serum C-reactive protein response 
to surgery and postoperative complications, and 
they significantly extend it by virtue of the use of 
frequent measurements in closely monitored 
patients, thus establishing that aberrations in the 
normal postoperative pattern can predict in- 
fective complications. These findings, together 
with the increasing availability of commercial 
assay systems capable of providing a precise 
serum C-reactive protein value within 1-2 hours 
of sampling, might lead to more widespread ap- 
plication of this test in patients undergoing 
cardiac surgery and also other forms of major 
surgery. The information yielded by the response 
is non-specific, but its great sensitivity can 
nonetheless trigger active clinical investigation 


w 


and management, which may be of critical impor- 
tance in these high risk patients. 
A novel finding which emerged from our study, 


` was that an abnormal serum C-reactive protein 


pre-operatively predicted a complicated post- 
operative course. Confirmation of this is cur- 
rently being sought by a more extensive 
investigation now in progress. The implication is 
that any on-going organic disease process of suf- 
ficient severity to cause elevation of the serum C- 
reactive protein concentration may be likely to 
prejudice the patient’s capacity to withstand the 
major stresses involved in cardiac ‘surgery. It 
would therefore seem prudent to measure the 
serum level pre-operatively, a very simple, in- 
expensive and objective procedure, in all cases of 
elective major surgery. If it is found to be raised, 
then the cause should, if possible, be identified 
and eliminated before proceeding. Clearly this 
suggestion is not appropriate when the cause of 
the raised C-reactive protein is itself the indica- 
tion for surgery, but this is not the case in patients 
undergoing elective coronary artery bypass 
surgery or valve replacement. 
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Transdermal hyoscine and postoperative nausea and vomiting 


J. UPPINGTON, J. DUNNET ann C. E. BLOGG 


Summary 


Forty-two patients, undergoing major gynaecological surgery, were randomly allocated to have a patch 
applied to the skin behind one ear, containing either hyoscine or placebo. They were followed up at 24-hour 
intervals for 3 days postoperatively and divided into matched pairs for statistical analysis. There was a 
significant (p < 0.01) reduction in nausea and vomiting in the first 24 hours postoperatively, but no difference 
thereafter. There was an increased incidence of visual disturbance in the hyoscine group at 48 hours, but no 
other differences in the side effects studied at any other time. However, despite receiving hyoscine there was 


still a high incidence (68%) of severe nausea and vomiting. 


Key words 


Anaesthesia; complications; postoperative vomiting. 


Antiemetics; hyoscine. 


Nausea and vomiting are distressing and frequent 
complications of anaesthesia and surgery. 
There may have been a reduction in the severity 
of the symptoms over the years, but the re- 
ported incidence probably has not changed very 
much, and is of the order of 20—40% of all cases.! 

Anaesthesia is noted for the multiplicity of 
routes used for drug administration, ranging from 
inhalational to intravenous. Until recently, the 
transdermal route, for systemic rather than local 
effect, was only available for nitroglycerine. 
This route has several potential advantages in 
terms of patient acceptability and drug delivery 
and it should be possible to maintain constant 
drug levels over a long period of time. An effective 
preparation of hyoscine, for prevention of motion 
sickness,?:> that is absorbed through the skin 
(Transderm Scop, ALZA Corporation), is now 


available in the United States and continental 
Europe. This study was designed to evaluate the 
use of transcutaneous hyoscine in the prevention 
of postoperative nausea and vomiting. 


Materials and methods 


The transcutaneous hyoscine system consists of a 
small circular film, 2.5 sq cm in area and 18 mm 
in diameter, containing four layers laminated to- 
gether.* These are, from the outside in, an imper- 
meable fiesh-coloured surface, a reservoir of drug 
containing inactive mineral oil (12.5 mg), polyiso- 
butylene (11.4 mg) and active hyoscine (1.5 mg, of 
which 0.5 mg is delivered over 3 days), a micro- 
porous rate-controlling polypropylene mem- 
brane, and an adhesive which contains a small 
quantity of hyoscine for immediate release. The 
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system is based on a kinetic model that has been 
confirmed experimentally. Release of the drug 
occurs by diffusion from the reservoir through the 
rate-controlling membrane and adhesive, to the 
skin surface (which can absorb the drug at many 
times the rate that it is released by the system). 
The skin behind the ear has suitable character- 
istics for the transdermal absorption of hyoscine. 

Forty-two adult women, undergoing major 
gynaecological surgery, were studied. All were 
ASA class I and IJ, and aged between 18 and 
65 years. The operations were vaginal or 
abdominal hysterectomy, oophorectomy or tubal 
surgery. Approval for the study was obtained 
from the Central Oxford Research Ethics 
Committee, and signed informed consent was ob- 
tained from each patient prior to entering the trial. 

Each patient was seen pre-operatively by one of 
the authors, and randomly allocated to receive 
either a transdermal hyoscine patch (Transderm 
Scop, ALZA Corp.) or placebo. This was placed 
behind the ear on the evening prior to surgery. The 
placebo was a Band-aid patch (Johnson and 
Johnson) and each hyoscine patch was covered by 
a similar Band-aid for protection and so that its 
identity could not be distinguished from placebo 
by patient or assessor. 

Premedication was with diazepam 10 mg orally, 
approximately 2 hours prior to induction of an- 
aesthesia. Anaesthesia was induced with thiopen- 
tone (4—5 mg/kg) and maintained with halothane 
or enflurane (0.5—1%) with 66% nitrous oxide in 
oxygen, 3~5 pg/kg of fentanyl and a non- 
depolarising relaxant. The residual effects of the 
muscle relaxants were reversed with standard 
doses of atropine and neostigmine. Fluid loss was 
replaced with Hartmann’s solution at a rate of 


_ 5-10 ml/kg/hour, and blood was transfused as 


clinically indicated. No patient was given 
prophylactic anti-emetics pre- or intra- 
operatively. 

The patients had previously been told they 
could receive anti-emetics if they asked for them 
and the nurses were instructed only to give anti- 
emetics when the patient requested them. All pa- 
tients were prescribed 15-20 mg of papaveretum 
intramuscularly, up to 2-hourly, as required and 
10 mg of intramuscular metoclopramide, up to 4- 
hourly, when requested. If more than three or 
four doses of metoclopramide were needed, the 
nurses were given the option to switch to 
intramuscular prochlorperazine 12.5 mg 4 
hourly, as required. 
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The patients were visited 24, 48 and 72 hours 
postoperatively by an author who had not seen 
them pre-operatively and who had not been told 
which medication they had been given. Enquiries 
were made as to the amount of nausea and vomit- 
ing the patients had experienced during the pre- 
ceding 24 hours and scored as 0 = no nausea or 
vomiting, | = mild nausea (feeling nauseated but 
not severe enough to want an anti-emetic), 
2 = severe nausea (wanting an anti-emetic), 
3 = vomiting. Retching was equated with vomit- 
ing. In addition, the incidence of dry mouth, pre- 
and postoperatively, and visual disturbance was 
noted as 0 = absent, 1 = present. The number of 
doses of anti-emetic or analgesic were noted for 
each postoperative period. 

The patients were then arranged as a series of 
matched pairs. The factors that were particularly 
matched were previous surgery or not, presence 
or absencé of nausea and vomiting following 
previous anaesthesia and surgery, whether the 
patients suffered from travel sickness or not, and 
as far as possible, patients were matched by 
weight and type of surgery. 

Statistical analysis of the data was carried out 
by the Wilcoxon matched-pairs signed-rank test 
(for nausea/vomiting scores and drug dosage), the 
sign test (for side effects) and t-test with correl- 
ations (for the demographic data). 


Results 


Of the 42 patients who started the trial, - 
four were withdrawn. Three of these received 
non-standard anaesthetics (extradural or spinal 
block), two in the hyoscine group and one in the 
placebo group. The other patient who was with- 
drawn was in the placebo group, and had been 
given metoclopramide prior to induction. Thus, 
data on 38 patients were completed. 

The mean values (SD) for age were 39.9 (7.1) 
and 39.3 (6.3) years in the hyoscine and placebo 
groups respectively. The respective weights were 
65.9 (6.9) and 64.6 (10.7) kg. These differences 
were not statistically significant. 

The scores for nausea and vomiting in the 
groups of paired data for the separate periods of 
the first, second and third 24 hours postoperat- 
ively, are given in Table 1. There was a significant 
reduction in score on the first postoperative day 
{p < 0.01), for those pairs receiving hyoscine. No 
significant differences occurred on the second 
day. ° 
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Table 1. Nausea and vomiting score 
a ee NPE AD a N 





Pair First 24 hours Second 24 hours Third 24 hours 
Number Hyoscine Placebo Hyoscine Placebo Hyoscine Placebo 
I 3 3 1 0 0 0 
2 2 3 2 0 0 0 
3 0 2 0 1 0 0 
4 3 3 0 0 0 0 
s 2 2 2 2 0 0 
E 0 3 0 3 0 0 
7 3 3 2 3 0 3 
8 2 3 3 1 1 0 
9 3 3 0 2 0 0 
16 3 3 0 2 0 0 
Il 0 2 0 3 0 0 
12 2 3 2 0 0 0 
13 2 2 1 2 0 0 
14 0 3 0 0 0 0 
15 0 2 0 1 0 0 
16 3 2 3 0 3 0 
17 l 3 2 i 0 0 
18 3 3 0 1 0 0 
19 3 3 2 3 0 1 





0 = no nausea or vomiting; 1 = mild nausea; 2 = severe nausea; 3 = vomiting. 


Table 2. Incidence of nausea and vomiting. Number of patients (percentage). 19 patients in each group 


Firs: 24 hours Second 24 hours Third 24 hours 
Placebo Hyoscine Placebo Hyoscine Placebo Hyoscine 
Vomiting 13 (68) 8 (42) 4 (21) 2 (11) 1 (5) 1 (5) 
Severe nausea 6 (32) 5 (26) 4 (21) 6 (32) 0 (0) 0 (0) 
Mild nausea 0 (0) 1 (5) 5 (26) 2ab 1 (5) 1 (5) 
No nausea 0 (0) 5 (26) 6 (32) 9 (47) 17 (90) 17 (90) 


Table 3. Numbers of patients experiencing side effects. Number of patients (percentage). 19 patients in each group 


First 24 hours Second 24 hours Third 24 hours 
Placebo Hyoscine Placebo Hyoscine Placebo Hyoscine 








Pre-operative 

dry mouth 9 (47) 6 (32) 
Postoperative 

dry mouth 15 (79) 15 (79) 3 (16) 8 (42) 2 (11) 5 (26) 
Visual 

disturbance 7 (37) 4 (21) 0 (0) 8 (42) 0 (0) 2 (11) 


The incidence of the various degrees of nausea day postoperatively. In addition, there was no 
and vomiting for the three time periods is shown significant difference in the number of doses of 
in Table 2. It can be seen that severe nausea or papaveretum that each group were given on the 
vomiting occurred in all patients who received 3 days following surgery, and no correlation 
placebo, and 13 patients (68%) who received between the papaveretum dosage and nausea/ 
transdermal hyoscine. There was no statistical vomiting score. 
difference in the number of doses of metoclo- The incidence of dry mouth and visual dis- 
pramide which the two groups received on any turbances, at different periods, are shown in Table 


A 


AN 


3. The only difference of statistical significance 
occurred on the second day, when eight patients in 
the hyoscine group complained of disturbed 
vision; no patient who had received placebo did 
so (p<0.004). One patient complained of skin 
irritation after 48 hours, but that was due to the 
overlying Band-aid. 


Discussion 


Hyoscine, given intramuscularly, has been shown 
to be an efficient pre- and postoperative anti- 
emetic when nausea and vomiting was induced by 
morphine,‘ but its action does not last as long as 
morphine. Hyoscine is the most effective treat- 
ment for motion sickness, especially in combin- 
ation with dexamphetamine,’ but its action is 
short-lived. It probably acts via muscarinic choli- 
nergic receptors which occur at inputs to the 
vomiting centre, particularly from the vestibular 
centre and the gastrointestinal tract.® 

There are many known factors that influence 
both the incidence and severity of postoperative 
nausea and vomiting. ':9:!° These include age, sex, 
weight, previous postoperative sickness, suscepti- 
bility to motion sickness, type of anaesthesia and 
surgery, and degree of postoperative pain. In this 
study, we attempted to eliminate the effects of as 
many of these factors as possible by using 
matched pairs of patients. The two groups were 
also comparable for age, weight, and analgesia. 
No correlation was found between nausea and 
vomiting scores and weight. 

This study has demonstrated a significant re- 
duction in nausea and vomiting in those patients 
given transdermal hyoscine, using the simple 
nausea/vomiting score, and no increase in side 
effects for the first 24 hours postoperatively. The 
number of doses of anti-emetic given, however, 
showed no such difference. The probable reason 
for this is that six patients who actually vomited 
were not given any anti-cmetics: it is possible that 
they refused these drugs when offered, for what- 
ever reason (e.g. dislike of injections). Alterna- 
tively, the nurses, who were understaffed and had 
to cope with many patients, were not able to offer 
anti-emetics at the time they were needed. 

The anti-emetic effect of transdermal hyo- 
scine did not persist beyond 24 hours. The in- 
cidence of nausea and vomiting in both groups 
had markedly decreased after the first 24 hours 
and was so low on the third day that no difference 
in the two groups could be demonstrated. How- 
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ever, if it is due solely to a drug effect, the reduc- 
tion in nausea and vomiting would be expected to 
continue into the second 24 hours. All the in- 
formation on the drug delivery system 
indicates that the drug is reliably absorbed at a 
fairly constant rate for 72 hours, so its lack of 
effect is probably not due to deficiencies in drug 
delivery. Since tolerance to the antimotion sick- 
ness effects of transdermal hyoscine at 72 hours 
compared to 12 hours has been reported,!! it is 
possible that tolerance to the anti-emetic effects 
had developed. 

Of the two side effects observed, the incidence 
of dry mouth was not different between the 
groups for any of the time periods studied. Pre- 
sumably, any dryness noted from the hyoscine 
would be masked by pre- and postoperative oral 
fluid restriction. Similarly, disturbance of vision 
in the first 24 hours may be masked by the residual 
effects of the anaesthetic and muscle relaxants. 
However, there is a very significant difference in 
the amount of visual disturbance in the 48-hour 
period, with more in the group using hyoscine. 
This did not persist beyond 48 hours. Since by this 
time there was no decrease in the incidence of 
nausea and vomiting in the transdermal hyoscine 
group, there would seem little point in persisting 
with this therapy after the first 24-hour period 
postoperatively. Other reported side effects of 
transdermal hyoscine, such as confusion, restless- 
ness, sedation’? or urinary retention were not 
specifically recorded in this pilot study. 

Although transdermal hyoscine reduced post- 
operative nausea and vomiting, the incidence of 
severe nausea and vomiting in the treatment 
group in the first 24 hours was 68%, a figure still 
unacceptably high. The preparation alone is un- 
likely to be the answer for this distressing, if usu- 
ally minor, side effect of anaesthesia and surgery. 
It may be that transdermal hyoscine will find its 
place as part of a polypharmacological approach, 
using combinations of drugs which act differently 
on the vomiting reflex. 
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Intramuscular midazolam premedication in small children 


A comparison with papaveretum and hyoscine 


M.B. TAYLOR, P. R. VINE AND D. J. HATCH 


Summary 


Midazolam 0.2 mg/kg was compared as an intramuscular premedication in smail children with papa- 
veretum and hyoscine 0.4 and 0.008 mg/kg. Midazolam produced satisfactory sedation and anxiolysis and 
in the early postoperative period patients were significantly more awake (p<0.05). 


Key words 


Anaesthesia; paediatric. 
Premedication; narcotic, midazolam. 


Midazolam is a water soluble benzodiazepine of 
short half-life, which has been shown to have 
anxiolytic, sedative, hypnotic and amnesic 
properties. It is well absorbed intramuscularly! 
and studies in adult patients have shown it to be 
a good premedicant by this route.?~* The pur- 
pose of this study was to assess the safety and 
efficacy of intramuscular midazolam in children 
before surgery. It was compared in a double blind 
trial with intramuscular papaveretum and 
hyoscine, which is used routinely as a pre- 
medicant at this hospital. 


Methods 


Fifty-nine children, aged 2-10 years and over 15 
kg in weight, admitted for elective inpatient or 
day case surgery (general, orthopaedic or ENT) 
under general anaesthesia which was expected to 
last less than 90 minutes, were studied (Table 1). 


Table 1. Demography of patients 
Midazolam + Papaveretum + 





atropine hyoscine 
Number of patients 29 30 
Male: female 18:11 25:5 
Inpatient: day 16:13 19:11 
Age (mean, years) 5.61 5.59 (SED 0.555) 
NS 
Weight (mean, kg) 22.4 21.3 (SED 1.871) 
NS 


SED, standard error of differences. 
NS, not significant. 


Approval was obtained from the hospital Ethical 
Committee and informed consent from the 
parents. A preliminary, uncontrolled dose find- 
ing study established the minimum satisfactory 
intramuscular premedicant dose of midazolam in 
small children to be 0.2 mg/kg. 

Each child was visited by one of the in- 





M.B. Taylor*, MB, BS, FFARCS, Registrar, P.R. Vinet, BSc, MB, BS, MRCP, FFARCS, Registrar, D.J. Hatch, 
MB, BS, FFARCS, Consultant, Department of Anaesthesia. The Hospital for Sick Children, Great Ormond Street, 


London WC1. 
Present appointments: 


*Senior Registrar, Hammersmith Hospital, Du Cane Road, London W12 0HS.. 
tSenior Registrar, King’s College, Hospital, Denmark Hill, London SES. . 


0003-2409/86/010021 + 06 $03.00/0 © 1986 The Association of Anaesthetists of Gt Britain and Ireland 21 


M.B. Taylor, P.R. Vine and D.J. Hatch 


22 


“gonworpeuroid o10joq droid owes 0} paredwoo ¢o'o > dt 
-dnoi8 ousoxq—uinjasoanded o} poaredwoo 69’) > dy 











(£) L) (A9) a) (sz) (y9) (11) (99) (££) (iy) (6S) (67m1) 

I 1% S z L 81 £ 0 0 61 01 0 (A LI oupsofy— 
wnjasaaeded 

(84) 1) (1) (+) (pL) (2) (9p) (os) {y) ao (62) (8% = 4) 

0 dzz +r z 1 oz 9 0 0 £l ral I „Z 8  auldorr— 
wre]OZEPIN 

















dagisy tye snore jyuanqiny, doasy uneo snoxugs yuəamqmy, § dosysy mye snorus jyuomMqimy, 21438 pru dnoip 
pue oyBMY pue oyemy pue oyBMYy puu ayeny pue syBMY PUB oyemy /amIapoNw UON 
S aa a A 
(%) wononpul (%) wonsorpeursid Joye (%) uoneopowad (%) Em 0} 
sanur OE UONBpesg a10}Jəq WONEpPES Anu? uo Ayorxay 





alojoq uonEpes 





vonvorpetieid Joye pue oojoq UOHBpes pue [RI] 9) Anjue UO syuonsd jo oje]8 jeuoyoug ‘Z Ste] 


vestigators on the evening or morning before 
surgery for assessment and explanation. Patients 
were randomly allocated to receive either 
midazolam 0.2 mg/kg with atropine 0.02 mg/kg 
(maximum 0.5 mg) or papaveretum 0.4 mg/kg 
with 0.008 mg/kg hyoscine intramuscularly, 
30-60 minutes pre-operatively. This was 
prescribed by the patients’ House Surgeon and 
. the investigators remained unaware of pre- 
medicant type. No child received night sedation 
prior to surgery. Children were assessed by one of 
the investigators on entry to the trial, before and 
after premedication, in the anaesthetic room and 
postoperatively for the following: degree of 
anxiety and sedation on a four point scale (Table 
2), presence of nausea and vomiting, respiratory 
rate, heart rate and arterial blood pressure. The 
cardiorespiratory observations were measured 
intra-operatively at 15-minute intervals and, at 
the end of anaesthesia; the times taken to respond 
to stimulus and command were recorded. In addi- 
tion, induction of anaesthesia was graded on a 
three point scale as unsatisfactory, satisfactory or 
very good. Anterograde amnesia was tested for 
with a picture (train, cat, flower or teddy bear, 
selected at random) shown to each child in the 
anaesthetic room and again 2 and 24 hours post- 
operatively.> 

Forty-six of the children received an inhala- 
tional induction of anaesthetic with cyclopropane 
while the remainder received thiopentone. Main- 
tenance was with nitrous oxide, oxygen and halo- 
thane, delivered via a T-piece or Mapleson A 
system. Any adverse events were recorded, as was 
the administration of analgesics postoperatively. 
The injection site of the premedication was 
inspected 2 and 24 hours postoperatively for any 
tenderness or local reaction. 

The statistics used to analyse the results were 
analysis of variance with standard errors of dif- 
ference (SED) for continuous data, or the Chi 
squared test with Yates’ correction. 


Results 


The two groups of patients in this study were 
similar with respect to age, weight and distribu- 
tion of inpatient and day cases, although there 
were more males than females (Table 1). The 
results of two patients were excluded from the 
trial because of breaches of the protocol. 

There was a significant difference in baseline 
anxiety assessment between the two groups 
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Table 3. Induction of anaesthesia 








Very 
Unsatisfactory Satisfactory good 
Midazolam 
—atropine 6 tH li 
Papaveretum 
—hyoscine 3 10 16 





(p<0.05). This is reflected in the degree of seda- 
tion prior to premedication, where twice as many 
papaveretum—hyoscine patients were awake and 
calm (66%) than awake and anxious, compared 
to almost equal numbers in each group for the 
midazolam-atropine patients (Table 2). Thirty 
minutes after premedication and prior to induc- 
tion, the majority of patients (72% and 78%, 
respectively) were awake and calm, with no statis- 
tical differences between the two treatment 
groups. The midazolam group was significantly 
more sedated prior to induction than before the 
premedication was given (p<0.05, Table 2). 

Induction of anaesthesia was judged to be 
either satisfactory or very good in 78% of 
midazolam-atropine patients and 89% of the 
papaveretum-hyoscine group (Table 3). The dif- 
ference was not statistically significant. 
Midazolam—atropine patients recovered sig- 
nificantly more quickly than papaveretum— 
hyoscine patients, taking a mean of 7.3 minutes 
to respond to stimulus compared to 10.8 minutes 
(p < 0.02). This difference was not seen in the 
times taken to be responsive to commands. After 
recovery, midazolam-atropine patients were 
significantly more awake than the papaveretum— 
hyoscine group (p < 0.001, Table 4). There was 
no significant difference between the two groups 
in either the distribution of method of induction 
of anaesthesia or the dose of thiopentone used in 
those children receiving it. 

No nausea or vomiting occurred prior to 
operation. Postoperatively, there was no sig- 
nificant difference in incidence of nausea and 
vomiting, which occurred in 39% of midazolam— 
atropine and 57% of papaveretum—hyoscine 
patients. However, in the latter group, nausea 
and vomiting occurred twice as often over 2 
hours postoperatively than before this time. 

Anterograde memory loss 2 hours post- 
operatively was significantly greater in the 
patients who received midazolam—atropine (25%) 
than in the other group (33.0%, p<0.05). This 
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Table 4. Recovery from anaesthesia 


Time (minutes) after end of anaesthesia 


when responsive to 


State on recovery 

















Stimulus Commands Awake or crying Drowsy or asleep 
Midazolam 
-atropine 7.3* 15.3 19t 9 
Papaveretum 
—hyoscine 10.79 17.7 3 26 
*p<0.01. 


+(number of patients) p < 0.001. 
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Fig. 1. Changes in heart rate following premedication 
and during and -after surgery. (@), midazolam- 
atropine; (A), papaveretum—hyoscine. 


difference was no longer apparent after 24 hours. 
The 24-hour result, however, depended on 
parental observation of the day case patients. 
Observation of intramuscular injection sites re- 
vealed no significant problems with either group. 
Prior to surgery, there was little difference in 
the cardiorespiratory observations after pre- 
medication, though the respiratory rate fell in the 
papaveretum-hyoscine group. Peroperatively, 
respiratory rate and heart rate rose significantly 
in the mid2zzolam—atropine patients, compared to 
the papaveretum—hyoscine group (p < 0.001, Figs 
1] and 2). Papaveretum—hyoscine patients had a 
lower systolic blood pressure during anaesthesia, 
which rose on recovery, while in the other group 
the systolic blood pressure was higher during 
anaesthesia and fell on recovery. There was no 
overall significant difference in either systolic or 
diastolic pressure between the two groups. 
Only seven children required parenteral anal- 
gesics in the 24 hours following operation, and six 
of,these came from the midazolam—atropine 


Respiration rata (mean breaths per minute) 
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Fig. 2. Changes in respiratory rate following pre- 
medication and during and after surgery (@), 
midazolam—atropine; (A), papaveretum—hyoscine. 


patients. However, no significance can be drawn 
as operation type was not matched between the 
groups. There were few adverse events in either 
group. One 4-year-old child was confused and 
restless 15 minutes after receiving midazolam, but 
soon afterwards became sedated. Two day case 
patients who received papaveretum—hyoscine had 
sufficient postoperative vomiting to cause 
overnight admission. 


Discussion 
Many investigators have commented on the 
superiority of the oral route of premedication in 
children,®” or found that no premedication at all 
is satisfactory.? At this hospital, however, the 
parenteral administration of a sedative together 
with an anticholinergic, usually papaveretum and 
hyoscine for children over 15 kg, is preferred. This 
is because experience of oral premedicants has 


* 


t 


“hy 


not found them as satisfactory with regard to 
acceptability to the children, reliability of absorp- 
tion and efficacy. This is especially the case where 
predictable results are essential, e.g. children 
undergoing multiple procedures, cardiac opera- 
tions and mental handicap. This choice is partly 
influenced by the specific circumstances prevail- 
ing at the hospital, such as the large turnover of 
patients, absence of pre-induction rooms and the 
distances children have to travel to the operating 
theatres. 

The dose of midazolam used in the study (0.2 
mg/kg) is larger-than that found effective in 
adults, where various intramuscular dosage and 
premedication studies using midazolam have 
found a dose of 0.07-0.1 mg/kg effective.?~* 
Doses of above 0.15 mg/kg intramuscularly in 
adults have produced loss of consciousness.’ 

Only one child receiving midazolam was asleep 
at 30 minutes and none at 60 minutes. Midazolam 
did not produce local irritation or reaction when 
given intramuscularly in children. It was effective 
in producing anxiolysis and sedation, for, despite 
the initial greater degree of anxiety in the 
midazolam group, there was no difference 
between the two groups 30 and 60 minutes 
after premedication. The quality of premedica- 
tion was judged better in the papaveretum- 
hyoscine group, but this was not statistically 
significant, i 

It has been found that the majority of adult 
patients would prefer not to have an amnesic 
premedication,'® but this may be an advantage 
in children. The 25% of midazolam patients 
showing amnesia for the picture 2 hours post- 
operatively is similar to studies of oral ben- 
zodiazepines in children,* but less than other 
intramuscular midazolam studies in adults.>* If 
induction takes place 30 minutes after mida- 
zolam, when its effects are maximal,? a higher 
incidence of amnesia may be found. The short 
duration of action of midazolam means the tim- 
ing of administration must be precise, and this 
may be difficult in a busy ward. 

Operative cardiorespiratory depression is sig- 
nificantly less with midazolam compared to papa- 
veretum and hyoscine, and this may be an 
advantage in some patients. The higher respira- 
tory rate during surgery, however, is less efficient 
with a T-piece system, causing an increase in 
deadspace and fresh gas flow requirement.!! 

In conclusion, this study has shown that 
midazolam is a satisfactory intramuscular 
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sedative and premedicant in children. There is a 
higher incidence of retrograde amnesia with 
midazolam—atropine medication than with 
papaveretum-hyoscine and a more rapid post- 
operative recovery, which may be useful for some 
day case procedures in children. Intramuscular 
midazolam may also be useful in the sedation of 
children for minor diagnostic or therapeutic 
procedures. 
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Lower limb blocks for children 


Lateral cutaneous and femoral nerve blocks for postoperative pain relief in paediatric practice ` 


L. R. McNICOL 


Summary 


Femoral and lateral cutaneous nerve of the thigh blocks have been performed in a group of 50 children; 
the method has not previously been described in paediatric practice. The technique was judged to have 
been successful in 48 (96%) of the children. There were no early or late complications. It is concluded that 
these blocks are easy to perform, even in small children and infants, and that they can produce reliable 
postoperative analgesia for a variety of orthopaedic and plastic procedures. 


Key words 


Anaesthetic techniques, regional, femoral nerve, lateral cutaneous nerve of the thigh. 


Femoral nerve block is a common procedure in 
adult practice and although its usefulness in 
paediatric practice has been mentioned in text- 
books on local analgesia,’ the only reference to 
any series of such blocks? is ambiguous and does 
not quote a success rate. Lateral cutaneous nerve 
of the thigh block is gaining in popularity in adult 
practice, but there is no reference to its use in 
children, in a search of the medical literature 
of the past 30 years. 

The aim of this study was to establish if these 
blocks, performed together, could produce safe 
reliable postoperative analgesia for children 
undergoing procedures on the thigh and femur. 


Method 
Patients 


The study was limited to patients who were 
undergoing procedures on the lower limbs in 
those areas innervated by the lateral cutaneous 


nerve of thigh and femoral nerve, and which 
would produce pain severe enough to warrant the 
use of narcotic analgesics postoperatively. The 
details of the patients are shown in Table 1. The 
first 33 patients acted as a pilot study to ascertain 
what problems might be encountered; con- 
sequently, they were studied more closely than the 
remainder. 


Anaesthesia 


Premedication consisted of oral droperidol antl 
diazepam, each in a dose of 200 ug/kg, except for 
three patients who received intramuscular atro- 
pine, 15 ug/kg, and two patients who received 
oral diazepam only. In thirty-four patients anaes- 
thesia was induced intravenously, 30 with thio- 
pentone, two with Althesin and two with 
ketamine. The rest had gaseous inductions. 
Anaesthesia was maintained in all 50 patients 
with nitrous oxide, oxygen, and halothane; 
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Table 1. Details of patients in the study. Range (mean, S.D.) 


Procedures 





Age Weight Number of patients Number of patients mmm 
Number of patients (years) (kg) < l year < 10 kg D.O. S.S.G. Plate Osteo. 
50 0.5-14.8  7-51.2 3 5 34 7 6 3 


(5.8, 4.7) (21.3, 12.1) 


D.O. = Derotation Osteotomy; §.S.G. = Split skin graft; plate = insertion or removal of pin and plate; osteo. = 


other osteotomies. 


ventilation of the lungs was controlled in 16 cases. 

No narcotic analgesic was administered at any 
time in the anaesthetic sequence, so that the 
efficacy of the blocks could be assessed. Follow- 
ing induction of anaesthesia, the lateral cutane- 
ous nerve of thigh and the femoral nerve were 
blocked and the patients assessed for side effects 
due to either the local analgesic or adrenaline. 
None were noted. 


Anatomy and blocking techniques 


The lateral cutaneous nerve of the thigh is a pure 
sensory nerve which arises from the lumbar 
plexus from the segments L2,,, and innervates 
the skin of the outside of the thigh (Fig. 1). It 
enters the thigh deep to the inguinal ligament and 
continues deep to the fascia lata which it 
eventually pierces to become subcutaneous on the 





Fig. 1. Area of sensation supplied by the lateral 

cutaneous nerve of thigh. ([]) Combined blocks of this 

nerve and the femoral nerve (7) provide analgesia 

to a large area of thigh, of use following split skin grafts. 

AB, line of incision for many common paediatric 
* orthopaedic procedures. 


outside of the thigh. It is an easy nerve to block 
in adults and, apart from the remote possibility of 
dysaesthesia or hypoaesthesia, there appear to be 
no other risks. 

It is blocked using the standard technique 
described in textbooks of local anaesthesia,* 
medially to the anterior superior iliac spine and 
inferiorly to the inguinal ligament (Fig. 2). A 23- 
gauge needle with a syringe of local analgesic 
attached is inserted at position X, aiming from the 
inguinal ligament in the direction of the nerve 
The needle point should pass deep to the fascia 
lata and is moved in and out a few millimetres 
while injecting local analgesic in a fan shape 
almost parallel to the skin. The drug used was 
bupivacaine 0.5% with adrenaline | :200000; the 
dose varied from 0.5-1.0 mg/kg. It is the author’s 
experience that addition of adrenaline speeds up 
the onset of analgesia when bupivacaine is used. 

The femoral nerve is also a branch of the lumbar 
plexus rising from the L,-, segments. It is a 
mixed motor and sensory nerve and supplies 
sensation to the front and part of the inside of the 
thigh (Fig. 3). It is also the most important nerve 
supplying sensation to the periosteum of the 
femoral shaft and its motor component supplies 
the quadriceps muscles which extend the knee. It 
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Fig. 2, Anatomy of lateral cutaneous nerve of thigh. 


o 





Fig. 3. CJ), area of sensation supplied by the femoral 
nerve. The motor component supplies power to the 
quadriceps muscles, spasm of which often accompanies 
surgery on the femur, adding to postoperative pain. 


divides into several branches as it enters the leg 
deep to the inguinal ligament and lateral to the 
femoral artery, (Fig. 4) and is blocked using the 
standard technique described in textbooks of 
local analgesia. The anaesthetist stands on the 
opposite side and palpates the femoral artery at 
a point where it has passed under the inguinal 
ligament. A 23-gauge needle, with the syringe of 
local analgesic attached, is inserted perpen- 
dicularly to the skin, 0.5-1.0 cm lateral to the 
femoral artery at point X. The local analgesic is 


HN 


Inguinal 
ligament 


Femoral vein soit 


Femoral artery 
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injected with the needle point moving in a fan 
shaped direction, while being moved in and out a 
few millimetres at a time. Care should be taken to 
aspirate when in the vicinity of the femoral artery. 
Bupivacaine 0.5% with adrenaline |: 200 000 was 
used in a dose of 0.5-1.0 mg/kg. The early com- 
plication of haematoma is a possibility because of 
the proximity of the femoral blood vessels, but it 
should not be clinically significant. Residual 
nerve involvement is a remotely possible com- 
plication. 


Postoperative management 


Thirty-three patients (group 1) acted as a pilot 
study and had their pain assessed in the recovery 
room by the theatre nursing staff and again in the 
ward once time had been allowed for them to 
settle. The method of assessment was a 10-cm 
linear analogue pain scale. This group were 
prescribed only papaveretum 1 mg/3kg ad- 
ministered four-hourly on an ‘on demand’ basis 
at the discretion of the ward nursing staff. They 
were unaware that the patients had received any 
analgesia apart from the block. 

The remaining 17 patients (group 2) differed in 
that they were prescribed oral dihydrocodeine 
(DF118) in a dose of 0.3-0.5 mg/kg. This was 
administered 6-hourly routinely until midnight 
on the day of operation, in an attempt to help the 
patients through that period when the blocks 
began to wear off. They were also prescribed 
intramuscular papaveretum | mg/3 kg/6-hourly 
‘on demand’. The nursing staff were aware that 
the blocks were the only form of analgesia ad- 
ministered to this group during the operative 
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Fig. 4. Anatomy of the femoral nerve. 
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period and they were instructed that any patient 
thought to be suffering from pain because of a 
failed or incomplete block was to have immediate 
intramuscular papaveretum and that the di- 
hydrocodeine was to be withheld. 

The postoperative pain scores and analgesic 
requirements were therefore both used to assess 
the efficacy of 33 blocks, while the remaining 17 
were assessed purely on analgesic requirements. 


Results 
Group 1 


The pain scores for these patients are shown in 
Table 2. Twenty-seven patients were assessed as 


Group 2 


Analgesic requirements. All 17 patients were 
assessed as having had successful blocks and were 
commenced on routine dihydrocodeine. Four 
also required intramuscular papaveretum as the 
blocks wore off at 9, 11, 12 and 13 hours. If the 
results of both groups are combined and if 
the boy who had the skin taken from the back 
of his leg is counted as a success, then the failure 
rate is two out of 50 patients (4.0%). No early 
complications such as haematoma or infection 
at the site of injection were present in any 
patients, although it must be noted that not all 
of them could be fully examined in the immediate 
postoperative period because of the presence of 


Table 2. Postoperative pain scores for Group 1 (7 = 33) 


Mild pain 
0 1 2 
Pain scores No pain 
Number of patients 
in recovery room 27 3 2 
in ward 28 2 0 


having no pain in the recovery room, while six 
had mild pain. Nobody was thought to be suffer- 
ing moderate to severe pain. After being given 
time to settle in the ward, 28 patients were pain 
free, three had mild pain and two had moderate 
pain. No patients were assessed as having severe 
pain, | 

Analgesic requirements. Fourteen patients re- 
quired no postoperative analgesia. The remaining 
19 patients required papaveretum at 2~17 hours 
(mean 10.6, SD 4.5). Three patients required 
narcotic analgesia within 4 hours of the blocks 
being performed; two of these have been con- 
sidered as failures and one as a qualified success. 
This was an 8-year-old boy who had split skin 
grafts taken from his thigh. He had no pain in 
the distribution of the blocked nerves, but only 
on the back of the thigh, in the area of innervation 
of the sciatic nerve. This was a bad choice of 
anaesthetic, since the surgical procedure was 
more extensive than initially thought. The failures 
were two girls of 14 and 3 years who had 
derotation osteotomies. No explanation can be 
given for these failures except that they must have 
been the result of faulty technique. It is not 
possible to say if it was the femora: and/or the 
lateral cutaneous nerve block which had failed 
in fhese cases. 


Moderate pain Severe pain 
10 
4 5 6 7 8 9 Pain as bad 
as can be 
0 0 0 0 0 0 0 
0 i 1 0 0 0 0 


hip spicas. Following removal of these, patients 
were carefully examined for motor or sensory 
nerve damage. None was found in any patient. 


Discussion 


- Some of the most painful operations in paediatric 


practice are performed on the lower limbs. These 
range from major orthopaedic procedures to the 
taking of split skin grafts, usually in patients 
suffering from burns. 

The estimation of postoperative pain is always 
difficult, but especially so with children. In this 
study, reliance has been placed on the assessment 
of the patients’ pain by the normal theatre and 
ward staff; of the variables assessed, the post- 
operative analgesic requirements and their timing 
were considered to be the most important. The 
failures were considered to be those children re- 
quiring postoperative analgesia within 4 hours of 
the block being performed, since with bupivac- 
aine one would expect a period of analgesia 
longer than that produced by alternative 
methods, e.g. papaveretum. 

The routine administration of dihydrocodeine 
was not considered to have masked any unsuc- 
cessful blocks because the nursing staff were 
instructed that the patient had to be awake and 


obviously pain free before it was administered. It 
remains the author’s opinion that oral analgesia 
should be commenced as soon as possible in all 
patients who have had a regional nerve block to 
prevent the onset of severe pain when the block 
wears off. It should be noted that two children 
who had split skin grafts taken, had anaesthesia 
induced with intravenous ketamine and main- 
tained with halothane in nitrous oxide and 
oxygen. They did not require postoperative anal- 
gesia, even after full recovery from the ketamine. 

Although the sensory innervation of the 
femoral shaft is from the sciatic and femoral 
nerves, femoral nerve block on its own abolishes 
the pain of surgery by relieving most of the peri- 
osteal pain and also by relieving reflex spasm of 
the quadriceps. It is not necessary therefore to 
perform a sciatic nerve block as well. 

The aim of this study was to establish the feasi- 
bility of femoral and lateral cutaneous nerve of 
the thigh blocks in paediatric practice, including 
small children and infants. All the blocks were 
easy to perform and were not time consuming. 
Blood was aspirated from the femoral artery on 
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three occasions, but no haematoma developed, 
possibly as a result of using a narrow gauge 
needle. The success rate of 96% is encouraging 
enough to continue with comparative studies 
with other forms of analgesia. 
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Longterm treatment with epidural opioids 


A retrospective study comprising 150 patients treated with morphine chloride and buprenorphine 


P. CARL, M. E. CRAWFORD, O. RAVLO anp V. BACH 


Summary 

During a 2-year period, 150 patients were treated with epidural opioids for more than 7 days; 89 received 
morphine and 61 buprenorphine. In 16 cases, medication was changed from morphine to buprenorphine, and 
in6 from buprenorphine to morphine. In 19 patients in each group, the disease process was benign. The median 
daily dose of morphine was 17 mg given by an average of 2.9 injections; the corresponding figures in the 
buprenorphine group were 1.3 mg and 2.6 injections. The mean duration of treatment was 49 days (7-397) 
in the morphine group and 53 days (7-262) in the buprenorphine group. Satisfactory pain relief was 
achieved in 40 (45%) patients who received morphine and 41 (67%) patients given buprenorphine. Altering 
medication from morphine to buprenorphine improved analgesia in 32% of patients, while the reverse 
improved pain relief in a further 46% of the patients. Side effects were reported in 46% of patients given 
morphine and 20% given buprenorphine. Seventy-one patients were treated on an outpatient basis. In 
these cases, buprenorphine was administered for 89% of the total duration of treatment and morphine 
chloride for 52%. 


Key words 


Anaesthetic techniques, regional; epidural. 
Analgesics, narcotic, morphine, buprenorphine. 


The discovery of opiate receptors and their endo- 
genous ligands, the endorphins,':? soon led to the 
use of epidural morphine in the treatment of 
chronic pain.* Two years following the latter re- 
port, more than 200 clinical trials had been pub- 
lished, mainly dealing with postoperative pain, 
and only a few studies concerned with chronic 
pain.*? 

A number of opioids have been studied, includ- 
ing fentanyl,® pethidine,” methadone!® and 
diamorphine,'! but morphine chloride has been 
the drug of choice in most cases, due to its fairly 
long duration of action. However, its disad- 


vantages include pruritus, nausea, vomiting, uri- 
nary retention and respiratory depression.!2~ 17 
In order to eliminate these problems, other opi- 
oids have been suggested for epidural administra- 
tion. One of these is buprenorphine, a derivative 
of thebaine and a mixed narcotic agonist/antag- 
onist.!? Following systemic administration, 
buprenorphine is about 30—49 times as potent as 
morphine, produces analgesia for 6—8 hours and 
is associated with only minor unwanted side 
effects.'?:18-23 Studies on tissue compatibility 
(e.g. cerebrospinal fluid) indicate that buprenor- 
phine may safely be administered epidurally.?+ 
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Its high lipid solubility and high affinity for opi- 
` oid receptors suggest that it would be more useful 
than morphine for epidural use.!? 

This retrospective study is based on patients 
suffering from chronic pain and treated on a long 
term basis (27 days) with either epidural mor- 
phine or buprenorphine. 


Methods 


The study comprised 150 patients of whom 114 
suffered from painful malignant diseases and 36 
from painful benign diseases. The malignant con- 
ditions treated with either morphine chloride or 
buprenorphine represented lung cancer (9 and 5 
cases), breast cancer (8 and 7 cases), cancer of the 
gastrointestinal tract (24 and 15 cases) urogenital 
cancer (17 and 10 cases), gynaecological cancer (7 
and 6 cases) and others (4 and 3 cases). The benign 
group consisted of patients with ischaemia of the 
lower extremities (2 and 6 cases), multiple frac- 
tured ribs (4 and 1 cases), postoperative pain (11 
and 10 cases), herpes zoster (1 and 1 case) and 
others (1 and 1 case). 

Treatment was initiated at the hospital in all 
patients. Treatment on an outpatient basis was 
performed whenever possible and outpatient con- 
sultation took place in the department of an- 
aesthetics. Epidural injections were administered 
by medical and non-medical personnel. Two types 
of epidural catheter were used (Portex or Braun) 
and they were usually inserted in the lumbar 
region. 


Results 


In 89 patients, morphine (as the chloride) was 
used in a concentration of either 0.4 or 0.8 mg/ml. 
The injection volume was 10 ml in 60% of cases 
and 15~20 ml in 40% of patients. The mean daily 
dose of morphine was 17 mg (4—60 mg) given as 
2.9 injections (1—10). Sixty patients received ex- 
tradural buprenorphine, with a mean daily dose 
of 1.30 mg (0.3—4.5 mg) given as 2.6 injections 
(1-6). The injected volume was 10 ml ofa solution 
of 0.03 mg/ml. 

In 16 cases, medication was changed from mor- 
phine to buprenorphine and in six cases from 
buprenorphine to morphine. On two occasions, 
medication was changed from buprenorphine to 
morphine chloride and again to buprenorphine. 

Satisfactory pain relief was achieved in 41 
(67%) patients treated with buprenorphine and in 
whom epidural buprenorphine was the sole anal- 
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gesic treatment. Supplementary analgesics were 
administered to eight patients. Three patients 
received neuroleptics and/or steroids and six 
patients received bupivacaine (0.25-—0.5%, 
5-10 ml). 

Analgesia was satisfactory in 40 (45%) patients 
who received epidural morphine as the sole 
method of pain relief. Additional treatment in a 
conventional manner was necessary with 17 
patients. Eight patients received the above- 
mentioned sedatives and 19 patients bupivacaine. 

During the last visit to hospital additional treat- 
ment with droperidol epidurally was initiated in 
patients who were not receiving effective anal- 
gesia with epidural opioids. Its use was based on 
the hypothesis that dopamine receptor blocking 
agents at a selective spinal level would increase the 
efficacy of intrathecal opiates, and was given to 
four patients in the buprenorphine group and 13 
in the morphine group. This resulted in improved 
pain relief in 80% of these patients. 

Changing from morphine to buprenorphine, 
resulted in better analgesia in 32% of patients, but 
there was no effect in 68%. The reverse resulted in 
better analgesia in 46% of patients. 

Table 1 shows duration of treatment with 
epidural opioids for all patients, expressed in 
days. In the morphine group, the mean duration 
of treatment was 49 days (7-397) and in the 
buprenorphine group 53 days (7-262). This table 
also shows the duration of treatment with both 
drugs after changing treatment and, in brackets, 
the total number of days of treatment. 

Seventy-one patients were treated on an out- 
patient basis. Buprenorphine was used in 89% of 
these patients for the total duration of treatment 
and morphine for 52% (Table 2). 

Forty-one (46%) of the patients treated with 
morphine complained of unwanted side effects; 
amongst these, 26 patients experienced 1 side 
effect, 13 patients 2 side effects and 2 patients 3 
side effects. In the buprenorphine group, 12 
(20%) patients complained of unwanted side 
effects: 10 patients with 1 side effect and 2 patients 
with 2 side effects (Table 3). 

Treatment was changed from morphine to 
buprenorphine because of unwanted side effects 
in 17 (19%) patients, the reverse being the case 
with 1 (2%). With 12 (14%) patients’ medication 
was altered from morphine to buprenorphine 
because of tachyphylaxis or low efficacy of the 
primary opioids and the opposite was the case 
with 12 (20%) (Table 4). e 
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Table 1. Duration of treatment with epidural opioids expressed in days for all patients. In the column ‘Total duration 
of treatment’, the figures in brackets illustrate the total number of days of treatment with morphine chloride and 





buprenorphine 
Total duration Mean duration 
Number of of treatment of treatment 
patients (days) (days + range) 
f B 18 403 22 (7- 54) 
Morphine M 65 3437 53 (7-397) 

: B 15 542 36 (8-219) 
Buprenorphine M 28 1607 57 (14-262) 
Morphine B 4 110 (140) 28 ( 6- 43) 

l 
Buprenorphine M 12 665 (1620) 55 (3-144) 
Buprenorphine B 1 5 (9) 
Morphine M 5 318 (653) 64 (17-112) 
Buprenorphine B 0 0 
Morphine 
Buprenorphine M 2 23, 47, 272 (342) 12, 24, 136 (171) 





(B) Benign diseases, (M) Malignant diseases. 


Table 2. Duration of treatment with epidural opioids expressed in days for patients treated as outpatients 


Number of 
patients 

Morphine B 1 

M 37 

Buprenorphine B l 

M 15 

Morphine B 1 
4 

Buprenorphine M 11 

Buprenorphine B 0 

l M 3 

Morphine 

Buprenorphine B 0 

l 
Morphine 
Buprenorphine M 2 


(B) Benign diseases; (M) Malignant diseases 


In the morphine group, insertion of the 
epidural catheter, was performed in the lumbar 
region in 97% of cases, in the thoracic region in 
2% of patients and in the cervical region in 1%. 
The catheter was sited in the lumbar region in all 
patients who received buprenorphine. In 55 of 
these patients, the catheter was tunnelled to the 
iliac region: the corresponding number in the 
morphine group was 76. The average number of 
catheter insertions in those who received bup- 
renorphine was 1.5 per patient (1—6) and also 1.5 
(1-5) in those given morphine. 

Postmortem histological examination of the 


Total duration of Mean duration 


treatment as out- of treatment 
patients (days) (days + range) 
40 (10%) 
2019 (59%) 55 (5-346) 
172 (32%) 
975 (61%) 65 (8-250) 
31 (22%) 
1294 (80%) 118 (3-434) 
231 (35%) 77 (8-187) 
203 (59%) 102 (24-179) 


dura and tissue from the tunnelled subcutaneous 
channel was undertaken in 4 patients. Two of 
these received only morphine, one for 397 days 
with one epidural catheter. One patient had 
received only buprenorphine and one both drugs. 
No abnormalities were found in any of these 
patients. 

The various people other than anaesthetists 
who injected the drugs are shown in Table 5. 
District nurses were involved in 76% of all injec- 
tions, while the patient and/or relatives managed 
all medication in 24% of cases. 
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Table 3. Unwanted side effects of long term treatment with morphine chloride and buprenorphine. 


Epidural + 
conventional 
Morphine Buprenorphine analgesics 
Total number of 
patients complaining 58/150 41/89 12/61 5/25 
of side effects 
Nausea 16 13 3 0 
Vomiting 13 10 2 I 
Constipation 13 10 0 3 
Urinary retention 4 4 0 0 
Pruritus 2 2 0 0 
Respiratory depression 0 0 0 0 
Injection related 
pain 21 16 4 1 
Dizziness 2 1 1 0 
Sedation 2 1 1 0 
Tachyphylaxis? 2 1 1 0 


Table 4. Unwanted side effects during long term treatment eliminated by alternation between morphine chloride and 


buprenorphine 
Morphine $ Buprenorphine Total number of patients 
Nausea 6 > 0 6 
Vomiting 6 > 0 6 
Constipation 2 > 0 2 
Urinary retention 1 > 0 I 
Pruritus 0 0 0 
Injection related pain 1 > 0 1 
Dizziness 1 > 0 1 
Sedation 0 0 0 
Tachyphylaxis? 1 5 l 2 
No function of primary opiate 12 S ll 23 


Table 5. People responsible for administration of epidural 
opioids for 72 patients treated as outpatients 


Number of outpatients 


Responsible for injections Morphine Buprenorphine 


Patient unaided 

Patient and/or relatives 

Patient and/or relatives 
aided by district nurse 
or general practitioner 

district nurse and/or 
general practitioner 

District nurse 

Total 


Discussion 


Up to 1984, there were nine publications dealing 
with epidural buprenorphine,*7 625729 but in 
only three of these was the drug used for chronic 


5 5 
6 I 
8 4 
4 0 
18 21 
41 31 


pain.*-6 In these studies only 10 of 125 patients 
and 12 of 105 patients were treated with buprenor- 
phine, the remainder received morphine. Six of 
the studies compare morphine and buprenor- 
phine for postoperative pain treatment.7>~3% 
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The main advantage of epidural opioids would 
seem to be the high quality of analgesia with low 
dose of drug. The efficiency of epidural opioids 
and the number of unwanted side effects during 
treatment may be related to the lipid solubility 
and receptor affinity of the drugs used and to the 
dose given. 

The duration of action and the analgesic effi- 
cacy of buprenorphine may be explained by its 
high affinity to opiate receptors, which is about 50 
times greater than that of morphine, and by its 
lipid solubility, which is about five times greater 
than that of morphine.'? High lipid solubility 
increases both diffusion into the spinal cord and 
the final concentration there. It decreases dif- 
fusion from the spinal cord into the blood stream. 
The risk of late respiratory depression after 
epidural buprenorphine is therefore low, and has 
not been reported to date, even though buprenor- 
phine has been administered epidurally to several 
thousand patients. 

On the other hand, weakly lipid soluble drugs, 
such as morphine, will linger in the cerebrospinal 
fluid and be carried away from the injection site. 
Eventually it will reach the fourth ventricle, where 
it is dangerously close to vital respiratory and 
cardiovascular nuclei which are rich in opiate 
receptors.*! Morphine reaches these vital centres 
slowly and so respiratory and cardiovascular de- 
pression may not occur until many hours after the 
drug is administered, and several observations of 
late respiratory depression have been described.!? 
The ideal opioid for epidural use must combine 
high lipid solubility with strong receptor affinity, 
qualities that are possessed by buprenorphine. 

The high lipid solubility of buprenorphine com- 
pared to morphine may also explain why the 
effective epidural and intravenous doses are 
similar, whereas the effective epidural dose of 
morphine is markedly lower than the systemic 
dose.'® It was also our experience, during a 4-year 
study period, that buprenorphine 0.3 mg is 
equivalent to 4 mg of morphine chloride when 
administered epidurally. 

The mean duration of treatment with morphine 
was 49 days (3-397), and a similar time has been 
reported in another study;* no references about 
buprenorphine exist. 

Sixty per cent of our patients given morphine 
had a mean daily dose of 17 mg in three injections. 
Other studies report.a mean daily dose of 
9,3-13.6 mg.“ The difference may be explained, 
in part, by varying criteria for initiation of treat- 


ment with epidural opioids and, therefore, dif- 
ference in intensity of pain. Forty per cent of the 
patients who received buprenorphine had a mean 
daily dose of 1.3 mg given in 2.6 injections, which 
has also been reported in another study.* 

Satisfactory pain relief was achieved with 67% 
and 45% of patients treated with buprenorphine 
and morphine respectively, as the sole analgesics. 
In other studies," figures of 65% and 92% have 
been reported for morphine. From a theoretical 
point of view, no unwanted side effects would be 
expected following administration of epidural 
opioids, due to the site of action. However, side 
effects were recorded and may be regarded as a 
systemic action caused by absorption from 
epidural vein and/or a direct rostral spread pro- 
duced by circulation of spinal fluid.4? The in- 
cidence of side effects of longterm treatment is 
low compared to studies dealing with post- 
operative pain, probably due to addiction to 
epidural opioids during longterm treatment.5?:33 
Unwanted side effects with epidural buprenor- 
phine were much less frequent than those after 
epidural morphine. This paucity of side effects 
associated with epidural buprenorphine may 
also be explained by a lipid solubility so great that 
a very low concentration of drug in the cerebro- 
spinal fluid reaches the brain stem, where these 
side effects are elicited.>* 

In 17 patients, the treatment was changed from 
morphine to buprenorphine because of unwanted 
side effects and in these cases the side effects 
disappeared. Only in 1 case was the treatment 
changed from buprenorphine to morphine 
chloride because of side effects. Again, this may be 
interpreted by the physicochemical properties of 
the agents, a hypothesis confirmed by Zenz et al.*° 

The morphine was prepared in ampoules ready 
for use, but buprenorphine had to be diluted with 
normal saline before injection. This slightly more 
difficult procedure with buprenorphine did not 
cause problems for the patients or the district 
nurses. Outpatients, relatives and district nurses 
were all carefully instructed on the theory and use 
of epidural opioids before treatment was started 
and all were ordered to contact the responsible 
department of anaesthesia whenever alteration of 
frequency or volume of injection was presumed 
necessary. Due to restricted duty hours (0800 
until 1800) for district nurses in Denmark, only 
two daily consultations were available, thus 
forcing patients and their relatives to take part in 
medication procedures. 


an 


In conclusion, both morphine and buprenor- 
phine are suitable for long term treatment when 
given epidurally, but buprenorphine is preferable 
for many. cases, due to the lower incidence of side 
effects. : 
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Computerised tomography guided lumbar sympathectomy 


D. R. O. REDMAN, P. N. ROBINSON anv M. A. AL-KUTOUBI 


Summary 


Fifteen patients had lumbar sympathetic block using needle localisation by computerised 
tomography. The technique has the advantage that the needle route to the sympathetic plexus can be 
accurately planned, avoiding damage to other organs. In this study, 13 patients out of 15 had significant 


benefit from the procedure. 
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The management of peripheral vascular disease 
involving the lower limbs of elderly patients is a 
continuing challenge to all forms of treatment. 
Many patients still require amputation, despite 
the chronic natural history of the condition, the 
availability of direct vascular surgery and the 
widespread use of peripheral vasodilators.’ 
Lumbar sympathectomy may be performed 
surgically, but this has a reported mortality rate 
of up to 7 per cent, mainly due to postoperative 
pneumonia.” In an effort to decrease this mor- 
tality, chemical lumbar sympathectomy has been 
advocated.> This is normally performed with the 
aid of an image intensifier, but can lead to com- 
plications including first lumbar nerve neuralgia 
(motor loss in the hip joint and sensory loss over 
the first lumbar nerve dermatone), subarachnoid 
injection, perforation of the aorta (especially of 
an undiagnosed aneurysm), inferior vena cava, 
bowel,? lower pole of the kidney, or ureter,* and 


injection into the psoas muscle with a twenty 
per cent incidence of genitofemoral dysaesthesia.5 

In an effort to minimise these complications, a 
technique was devised using computerised tomo- 
graphy (CT) to aid accurate placement of the 
needle tip prior to injection of a neurolytic agent. 
CT has already proved to be an effective imaging 
technique for siting needles for biopsy,®” aspira- 
tion of abscess®-? and for coeliac plexus block.®:!° 


Methods 


Eleven male and four female patients underwent 
lumbar sympathetic blockade using CT guidance. 
Fourteen patients were treated for peripheral 
vascular disease (aged 64-96) and one patient, 
aged 18 years, presented with hyperhydrosis. The 
patients were referred from geriatricians and vas- 
cular surgeons. No one was refused treatment 
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because of poor physical condition and all were 
treated as day cases. 

The scanner used was a Siemens Somaton 2 
with a scan time of 5 seconds and a slice thickness 
of 8 millimetres. Eight millimetre table movement 
was used. 


Technique 


The patient is fasted overnight and pre-operative 
medication of papaveretum 10-20 mg and per- 
phenazine 2.5 mg is administered intramuscularly 
one hour before the commencement of the pro- 
cedure. Intravenous access is established and 
fentanyl 100-200 ug and diazepam 10-20 mg 
given incrementally until adequate sedation is 
achieved. 

The patient is placed prone upon the scanning 
table with the arms outstretched above the head. 
The levels of the lumbar vertebrae 2, 3 and 4 are 
localised using the scanogram facility of the CT 
scanner. CT slices are taken at these levels to 
enable a suitable route to be planned, avoiding 
the transverse processes, lower pole of the kidney, 
bowel, aorta and inferior vena cava. If clear 
access to the anterolateral aspect of the vertebral 
body is not evident a series of slices through the 
vertebral body is taken at 8-mm intervals until the 
optimal route is found. Modern scanners have a 
measurement facility, which allows the distance 
between the proposed skin entry site and the 
point of injection to be measured and marked on 
the patient. The angle of approach can also be 
measured directly on the viewing monitor. 

A full sterile technique is employed and the skin 
and paravertebral muscles are infiltrated with 1 
per cent lignocaine. A 16-gauge, 16-cm needle is 
introduced at the selected points of entry, at the 
appropriate angles, to the previously measured 
depths (Fig. 1). Saline is injected during the intro- 
duction of the needle; loss of resistance to injec- 
tion is often felt when the correct tissue plane is 
reached. Aspiration is performed to check that 
each needle is not in a vessel. The needles are 
repositioned if necessary and 1 ml of contrast 
medium (e.g. half strength solution of meglumine 
iothalamate 60% w/v—Conray 280) is injected 
at each level. Repeat CT slices are taken to show 
the distribution of the contrast medium. If these 
are satisfactory, 3 ml of 7 per cent aqueous phenol 
are injected at each level. The needles are now 
withdrawn, having first been cleared of phenol 
y flushing with a small amount of saline. The 





Fig. 1. Computerised tomography (CT) slice at the 
level of the third lumbar vertebra. The broken line 
shows the early point on the skin, the depth and angle 
of penetration required. Note the aortic aneurysm. 


patient is nursed in the supine position for 4 hours 
and the pulse, blood pressure and respiration 
monitored. 


Results 


The 15 patients were followed up, with respect to 
their original symptoms, over a 6-month period. 
Twelve of the 14 patients with ischaemic leg pain 
were asymptomatic and were satisfied with the 
degree of improvement that the block had pro- 
vided. Two patients had below knee amputations 
performed for gangrene of the foot. The patient 
with hyperhidrosis was asymptomatic over the 
follow-up period. 


Complications 


Over the operative period there was one com- 
plication and this was of a minor nature; blood 
was aspirated from one needle after placement 
and this was considered to be from puncture of a 
lumbar vein. Resiting of the needle was successful 
and no change in pulse or blood pressure ensued. 
Two unforseen potential complications were 
avoided; one patient had a 7 cm undiagnosed 
aortic aneurysm (Fig. 1) and another a renal cyst. 
Neither of these structures was perforated fol- 
lowing precise needle placement. 


Discussion 


The complications during the procedure of 
chemical lumbar sympathectomy are minimised 
using X ray control.!! We suggest that CT scan- 


É 


ning is a further refinement, since most vital struc- 
tures are easily defined-on the CT scan, with the 
possible exception of the ureter. This enables a 
path to be traced, avoiding abdominal organs 
such as the kidneys, aorta and inferior vena cava. 
Puncture of a lumbar vein is considered to be of 
no consequence.! 

In our study, an undiagnosed abdominal aortic 
aneurysm and a renal cyst were discovered and we 
were able to take care to avoid perforation of 
these organs. It would therefore seem to be a 
better method for patients with known ab- 
dominal aneurysms or other undiagnosed path- 
ology that could interfere with the technique of 
chemical lumbar sympathectomy. This includes 
patients with abnormal spinal anatomy, in whom 
chemical lumbar sympathectomy using an image 
intensifier is often difficult. 

Accurate needle placement is readily demon- 
strable using CT and can easily be taught to those 
unfamiliar with chemical lumbar sympathec- 
tomy. The main disadvantage of this technique is 
the limited availability of CT scanning facilities. 
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HISTORICAL 


Alfred Kirstein 


Pioneer of direct laryngoscopy 


N. P. HIRSCH, G. B. SMITH anp P. O. HIRSCH 


Autoscopy is, therefore, a difficult morsel; until it is thoroughly absorbed into the life-blood of laryngology 


it will cause many a digestive disturbance. 
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On April 23rd 1895, in Berlin, Alfred Kirstein 
performed the first direct examination of the 
interior of the larynx. Until then laryngologists 
had been content with the technique of indirect 
laryngoscopy using mirrors, a method popular- 
ised by Garcia, Turck and Czermak.! Indeed, 
before Kirstein’s discovery, it was felt that a direct 
view of the larynx was impossible due to the 
geometric relationship between the mouth and 
the vocal cords. However, Kirstein had learnt 
from his colleague Rosenheim that a scope in- 
tended to be passed into the oesophagus had 
accidentally slipped into the trachea and, much to 
the surgeon’s surprise, a perfect view of the bron- 
chial bifurcation was obtained. Armed with this 
knowledge, Kirstein worked furiously to devise a 
method of direct laryngoscopy and, in doing so, 
not only invented the first laryngoscope, but also 
laid down those principles of laryngoscopy which 
are still used in clinical practice throughout the 
world today. 

Alfred Kirstein was born on the 25th of June 
1863, the son of a Berlin physician. Having 
graduated from high school in 1882, he studied 


(Kirstein, 1896) 


medicine at Freiberg and Strasbourg. His clinical 
training took place in Berlin where, in 1886, he 
was awarded a doctorate for his thesis entitled 
‘Concerning the part played by tuberculosis in the 
aetiology of chronic septic infections of the urin- 
ary tract.’ Following short periods spent in Jena 
and Cologne, he returned to Berlin to work at the 
Institute for Legal Medicine, where he published 
an important work concerning ‘The Diffusion of 
Poisons from the Corpse.’? 

It was during 1895 that Kirstein became inter- 
ested in obtaining a direct view of the larynx. 
Following Rosenheim’s revelation, Kirstein set 
about devising a reproducible method of viewing 
the larynx directly. His initial technique involved 
placing an oesophagoscope into the oesophagus, 
and then, following topical cocaine, passing a 
similar but shorter (25 cm) instrument into the 
larynx. Using the upper incisors as a fulcrum, he 
obtained a view of the larynx by firmly displacing 
the root of the tongue and elevating the epiglottis 
in an anterior direction. 

The question of illumination was a problem. 
Traditional methods of indirect laryngoscopy 
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had utilised ahead mirror and an incandescent 
light source. Kirstein found this to be inadequate 
for direct examination, but resolved the problem 
by employing electrical methods of illumination. 
Initially, he modified the head mirror and in- 
vented the ‘forehead lamp for reflected light’. 
Electric rays from a lamp on the head were col- 
lected by a convex mirror and deflected at a nght 
angle by a small perforated mirror, through 
which the observer was able to view the subject. 
He found this method of illumination satis- 
factory, but he used an electric light source in a 
second and very different way and one that is of 
great importance to the anaesthetist. He em- 
ployed an electric hand lamp termed the ‘electro- 
scope’, which had been devised by Caspar for 
examination of the urethra. The light rays from 
this lamp were collected by a lens and deflected 
through 90 degrees by a prism. This hand lamp 
was used as a handle to which the 25-cm oesoph- 
agoscope was attached (Fig. 1). He named the 
combination of the electroscope and the 
oesophagoscope ‘The autoscope’ and direct 
examination of the larynx he termed ‘Auto- 
scopy’.? Twenty-three days after his first view of 
the larynx, Kirstein gave a comprehensive 
demonstration of autoscopy to the Berlin 
Medical Association. News of his invention was 
also reported in the Lancet.* At this point he had 
already abandoned the need for the initial 
oesophagoscopy. 

Despite the infancy of autoscopy and the auto- 
scope, Kirstein already recognised the potential 





‘Fig. 1. Kirstein’s original autoscope, consisting of an 
oesophagoscope and electroscope (Yale Medical 
Library). 
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of his new discovery. In his publication Auto- 
skopie des Larynx und der Trachea, he reported 
that ‘the removal of foreign bodies from the 
trachea must be easier through an autoscope than 
by means of a tracheostomy; furthermore, cath- 
eterisation of the bronchi should now present no 
great difficulties’. However, it was left to Killian, 
the ‘father of bronchoscopy’ and a student of 
Kirstein’s, to realise both these aims.® 

Despite success with autoscopy, Kirstein was 
aware of a number of problems associated with 
the method. He was concerned about the pressure 
exerted by the autoscope on the upper incisors 
and also the need for marked extension of the 
neck. Furthermore, he considered cocaine to be 
‘poisonous’. He therefore directed his attention to 
overcoming these disadvantages and one month 
after his demonstration in Berlin, he presented a 
report of a modified autoscope.’ The handle of 
the instrument remained the same, but in place of 
the oesophagoscope was attached one of two dif- 
ferent designs of blade (Fig. 2). The standard 





Fig. 2. Kirstein’s modified autoscope. The standard 
blade is shown attached to the handle with the intra- 
laryngeal blade shown below (Yale Medical Library). 


blade, seen attached to the handle in the illustra- 
tion, was designed to elevate the epiglottis by 
anterior pressure on the vallecula. The tip of the 
blade was thickened and well rounded in order to 
avoid injury to the mucous membranes. The 
intralaryngeal blade, shown without its handle in 
Fig. 2, was introduced beneath the laryngeal sur- 
face of the epiglottis. Forward and upward move- 
ment of the blade elevated the epiglottis, revealing 
the larynx. The similarity between these two 
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blades and those described in the 1940s by 
Macintosh® and Miller’ is remarkable. 

With the introduction of his new autoscope, 
Kirstein found that he had overcome those prob- 
lems which had concerned him. Pressure on the 
upper incisors could easily be avoided and, in 
many cases, prior use of topical cocaine was un- 
necessary, especially when the standard blade was 
used. Furthermore, he now found that extreme 
extension of the neck was not required for the 
procedure. He reported that ‘the body must be 
placed in such a position that an imaginary con- 
tinuation of the laryngotracheal tube would fall 
within the opening of the mouth ... When the 
military position is assumed, the continuation of 
the windpipe would strike somewhere in the 
neighbourhood of the root of the nose; when the 
head is bent comfortably backward, as in looking 
aloft, it would about strike the chin ... the posi- 
tion adopted for autoscopy must therefore be 
somewhere between the two positions just men- 
tioned’ (Fig. 3). Therefore, Kirstein fully ap- 
preciated the importance of rotation at the 
atlanto-occipital articulation and was almost cer- 
tainly the first to describe what is now termed the 
‘sniffing the morning air’ position for intubation. 





Fig. 3. Kirstetn’s suggested position for autoscopy 

(dotted lines). The solid outline shows the military posi- 

tion. The arrows demonstrate the visual axis (Yale 
bs Medical Library). 





Fig. 4. Kirstein performing direct laryngoscopy. Note 

both the position of the patient’s head and also the use 

of the left hand to hold the autoscope (Yale Medical 
Library). 


The position adopted for intubation is shown in 
Fig. 4. With his improved autoscope, Kirstein felt 
that no further improvements were necessary. 

On the death of his father in 1896, he succeeded 
to the family practice. In 1903, something un- 
usual occurred, in that Kirstein, then aged 40 
years, gave up medicine completely. Until that 
time, he had painted and drawn in his spare time 
and had always had a leaning towards artistic 
photography, but now he took up painting in 
earnest. He studied art under the Dutch painter 
Paul Barum in Sluis and later lived for many years 
in Paris, where he associated with numerous 
famous artists and where his own pictures were 
exhibited. He proved to be an excellent art 
historian and published a well received critique of 
Raphael’s ‘The Resurrection of Christ’. He 
travelled in Europe and only returned to Berlin in 
1912 to exhibit his work. At the outbreak of 
World War I, Kirstein volunteered as a doctor 
and practised in this capacity in Stargard and 
Stettin. Believing that it was impossible to be a 
successful practitioner of both art and medicine, 
his interests returned entirely to medicine, and he 
never picked up his artist’s brushes again. 

On December 2 1922, following about eighteen 
months of serious ill-health, Kirstein, aged 59 
years, died in the home of his elderly mother. 
The importance of Kirstein’s discovery cannot 
be overlooked and, in the words of Carl von 
Eicken, ‘The name Kirstein will, for all time, be 
closely connected with the history of direct 
laryngoscopy and the great service which he 


pa 


performed in the creation of this method should 
never be forgotten.”!° 
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HISTORICAL 


Stanley Rowbotham 


Twentieth century pioneer anaesthetist 


H. A. CONDON anp E. GILCHRIST 


Summary 


Stanley Rowbotham was born in 1890 and spent the first years after qualification in 1915 with the Royal 
Army Medical Corps (RAMC). His career in anaesthesia began after the Armistice, when he was posted 
with Ivan Magill to Harold Gillies’s plastic surgery unit at Sidcup. Together, they laid the foundations of 
tracheal anaesthesia. A versatile and inventive anaesthetist, Stanley Rowbotham later pioneered in the 
fields of thyroid anaesthesia, basal narcosis, local and intravenous analgesia and in the use of muscle 
relaxants. He also introduced cyclopropane into this country. 


Key words 
History; Rowbotham, Edgar Stanley. 


Edgar Stanley Rowbotham was recently 
described by a former Dean of the Faculty of 
Anaesthetists as ‘a very significant and largely 
unsung pioneer in many advances in anaes- 
thesia’.! This memoir seeks to place on record 
his life and achievements. 

His grandfather was a general practitioner in 
Catford, whose main source of income was 
derived from ‘Dr Birley’s Nerve Syrup’, a phos- 
phorus-containing remedy for neurasthenia.? 
The business flourished and laid the foundation 
of the family fortunes and on his death, enabled 
his elder son Edgar Joseph, Stanley Rowbotham’s 
father, to marry and embark on parenthood 
whilst still a medical student at Charing Cross 
Hospital. He qualified in 1894. 

Edgar Stanley Rowbotham was born on 8th 
May 1890. He clearly remembered his grand- 
father’s manufacturing laboratory and the tanks 


containing sticks of phosphorus. This laboratory, 
in the Strand, was housed in the same building as 
the Lancet offices. Other special childhood 
memories were of helping to uncrate a De Dion 
Bouton, ordered at the first Paris Motor Show in 
1894, and of being taken to Brussels to hear 
Caruso sing. He inherited his parents’ great love 
for music. At school and at university he had a 
distinguished record as an athlete. In due course 
he followed the family tradition, becoming a 
medical student, first at King’s College, London, 
and then at Charing Cross Hospital. 

An active member of the Officer Training 
Corps (OTC), he was at Aldershot with an 
infantry regiment when war was declared in 1914 
and was sent-to France. His Commanding Officer 
advised him to return to England to complete his 
studies and this he did, obtaining the Conjoint 
qualification in 1915. He was then immediately 
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Fig. 1. Stanley Rowbotham. 


commissioned in the RAMC and, because he was 
an able horseman, was posted to the 4th Hussars 
as Regimental Medical Officer. He was twice 
mentioned in dispatches. 

In 1919 he was posted to the Queen’s Hospital 
for Facial & Jaw Injuries at Sidcup, where a 
plastic surgical unit had been established under 
Major, later Sir Harold Gillies. Another young 
RAMC officer, [van Magill had received a similar 
posting, a fortuitous coincidence bringing these 
two men together. Their first meeting was in the 
office of the Commanding Officer and there 
began a lifelong friendship and pioneering part- 
nership in the specialty they were about to enter. 
Initially they were told there was no place for 
them, but recalling a need for anaesthetists, the 
Commanding Officer offered them this option. 
Neither had any experience, nor could they have 
envisaged that together they would lay the foun- 
dation of the sophisticated tracheal techniques 
that would pave the way for such significant 
advances both in anaesthesia and surgery. 

The surgery of wounds of the face and jaws 
presented a formidable challenge and the 
problems of providing adequate and safe anaes- 
thesia were no less forbidding. Other military 
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hospitals were treating similarly injured casu- 
alities, but at Sidcup these two young anaes- 
thetists, with an enthusiastic flair for invention 
and encouraged by Gillies, brought innovation 
and progress to the limit of available facilities and 
knowledge. Their several contributions were 
complementary in the advancement of tracheal 
techniques. 

Existing anaesthetic methods were. in one way 
or another, unsatisfactory. Oil/ether colonic 
anaesthesia allowed surgical access, but produced 
airway problems and prolonged unconsciousness 
often ensued. The method of choice was the 
insufflation of nitrous oxide/oxygen and ether via 
an intratracheal catheter, a methad introduced by 
Elsberg, the New York neurosurgeon? and 
brought to England by Kelly. a Liverpool sur- 
geon,* in 1912. This technique guaranteed a safe 
airway and prevented the entry of blood into the 
trachea. The Shipway warm ether apparatus 
replaced the more primitive mechanism of 
delivering ether by hand or foot bellows, or by 
electric motor. 

In 1919, Silk® described his wide-bore rubber 
pharyngeal airway. At Sidcup this was introduced 
as a return airway, allowing the ether-laden 
expired gases to be directed away from the 
surgeon and the pharynx to be packed. The tube 
was adapted for both nasal and oral use and metal 
adaptors were designed for both routes. To 
prevent damage to the nasal mucosa, the naris 
was dilated by the passage of graduated and 
lubricated tubes.° In this paper, Rowbotham 
records a chance blind intubation with the wired 
catheter and the subsequent consideration given 
to assessing the correct curve necessary for a 
successful attempt—‘Occasionally when the 
catheter is passed through the nose... and pushed 
on, the cough characteristic of its passage into 
the trachea occurs and on inspection the fact that 
it has actually passed between the cords is con- 
firmed. Working on this, attempts were made to 
judge the curve on the catheter required to direct 
its end towards the mid point of the thyroid 
cartilage’. The technique of blind nasal intubation 
thus emerged, a method now regrettably rarely 
taught or practised. 

A further modification of the insufflation 
technique was the introduction of a second tube 
into the trachea, alongside the insufflating 
catheter, to give free and reliable respiration, or 
to and fro respiration using a large bore tube. An 
ingenious combination of tube and catheter i$ 


48 Stanley Rowbotham 





Fig. 2. (a) Rowbotham’s modified two-tube tracheal 
method (1923). (A), end cut leaving a ring: (B). ring 
everted: (C), tube in place on catheter. (b) Magill’s 
original pattern laryngoscope (c. 1920). (c) Magill and 
Rowbotham’s double tracheal gum clastic catheter 
(1920). (By courtesy of the British Medical Journal.) 


described.” Magill described this "double tube’ 
method about the same time.® 

Stanley Rowbotham more than once recalled 
that it was when performing laryngoscopy to 
insert the insufflating catheter that the sight of the 
Silk tube lying just above the glottis presented the 
idea of a simple wide-bore tracheal tube (personal 
communication). He records: “It occurred te me 
that if one could pass a single tube of adequate 
size... into the trachea and allow the patient to 
breathe backwards and forwards through it, a 
state of things much more akin to that which 
occurs during natural respiration would be 
achieved. Moreover, the first part of the re- 
spiratory passages would be just as well cut out,’ 
a recognition of the importance of reducing the 
dead space. Magill records intubating a patient 
with a wide-bore tube in 1920.'° It is clear that. 
at Sidcup, the use of wide-bore techniques was 
only occasional, insufflation remaining the 
method of choice for some years. 

in a minority of cases, morphine premedication 
and local infiltration with procaine and adren- 
aline were combined with nitrous oxide anaes- 
thesia, an application of Crile’s anoci-association 





Fig. 3. (a) Rowbotham’s method of passing a tracheal 

catheter with a Hils laryngoscope. (b) The 

Rowbotham two-catheter method in use. (By courtesy 
of the British Medical Journal.) 


theory.'' Whenever possible, Rowbotham visited 
University College Hospital to learn from Felix 
Rood, whom he recalled gratefully. (Personal 
communication). 

When the importance of the tracheal technique 
was evident, Magill, in Rowbotham’s words ‘did 
the rounds of the rubber merchants selecting 
suitable tubing of graduated sizes’. These were 
stored in round tins to preserve the curves. The 
cut ends were rubbed smooth with a chloroform- 
soaked swab (Personal communication). The 
simplification and development of tracheal anaes- 
thesia, now in universal use, was the ultimate 
achievement of Magill and Rowbotham. 

After the Armistice, the Queen's Hospital was 
transferred to the Ministry of Pensions. The staff 
remained, Rowbotham and Magill becoming 
part-time at 4 days a week and taking up other 
part-time appointments. At this time, the sur- 
geons at Sidcup were receiving £800 per annum, 
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Fig. 4. Souvenir of the plastic surgery unit at Sidcup. (By courtesy of the Bexley Health Authority.) 


the anaesthetists £750 per annum. An American 
plastic surgeon working there, J. Eastman 
Sheehan, failed to persuade Magill and Row- 
botham to emigrate and become his anaesthetists. 
In due course, Rowbotham joined the staff of 
several hospitals, namely the Dreadnought Sea- 
man’s Hospital at Greenwich, St John’s at 
Lewisham, the Gordon, The Royal Dental, the 
Westminster, the Royal Cancer (later the Royal 
Marsden). the Royal Free and Charing Cross 
Hospitals. These last three became his main 
appointments. 

This was the era of the Voluntary Hospital. 
with consultants attending on an honorary basis, 
depending for their livelihood on private practice. 
Rowbotham, finding it difficult to make ends 
meet, as did many anaesthetists of the time, 
bought a partnership in general practice with a 
bank loan of £4000, which he repaid in 3 years. 
More importantly, he believed an anaesthetist 
should also be a physician and this allowed him 
to retain an interest in general medicine. In 1932 
he obtained the MD (Durham) by examination. 

Stanley Rowbotham was remarkably versatile 
and inventive. He designed an insufflation ap- 
paratus,'? a chloroform vaporizer, a cuffed 
pharyngeal airway.'* an introducer for lumbar 
puncture needles,'* a special self-filling syringe 
and angled needles for local analgesia'S and a 
laryngeal! spray.'* Use of the latter could well be 


revived to provide analgesia for nasotracheal fibre- 
optic bronchoscopy. In addition, he had a 
thorough knowledge of the techniques of local 
analgesia and had used every method described by 
Labat.'!® He became a pioneer of basal narcosis, 
first with rectal paraldehyde and then with 
Avertin.'7 When intravenous anaesthesia became 
practicable, he was to the fore using Nembutal. In 
early 1934 he was the first in the United Kingdom 
to use cyclopropane. The cylinders were given to 
him by a South African passing through London 
from America. Magill was invited to share the 
demonstration at Charing Cross.'* 

Dr Rowbotham’s main anaesthetic activity at 
this time was with Cecil Joll, the well-known 
thyroid surgeon. It must be remembered that 
thyroidectomy was then a hazardous procedure, 
the antithyroid drugs having yet to be discovered. 
They were introduced into clinical practice in 
North America by Astwood in 1943.19 Stanley 
Rowbotham successfully overcame the dif- 
ficulties of the management of these patients, 
again with a combination of basal narcosis---the 
dosage carefully assessed on body weight and the 
basal metabolic rate, local analgesia and light 
general anaesthesia with nitrous oxide. After 
cocainisation using his nasal laryngeal spray. 
blind nasal intubation was performed. The local 
technique involved a superficial and deep infiltra- 
tion of the neck, paying special attention® to 
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Fig. 5. Special spray in position for cocainizing the 
larynx. (By courtesy of the British Medical Journal.) 





Subcutaneous 


Fig. 6. Scheme of infiltration for thyroidectomy. (By 
courtesy of Blackwell Scientific Publications Ltd.) 


blocking the ansa hypoglossi to relax the infra- 
hyoid muscles. The procedure was facilitated by 
using the self-filling syringe of his own design, 
with his angled needles for approaching the 
goitre. Joll liked the patients to strain once the 
haemostatic sutures were inserted. This was 
achieved with one breath of ether. Wrist restraints 
permitted the necessary light level of anaesthesia. 
For a period, one thyroidectomy on each list was 
performed under local analgesia only. 


From May 1941 to May 1944, 946 goitre 
operations using these techniques were performed 
at the Royal Free Hospital with 9 deaths, a 
remarkable record. Stanley Rowbotham 
described his accumulated experience in his book 
Anaesthesia in Operations for Goitre, an early 
anaesthetic monograph which remains worthy of 
study. In 1948 he was elected to honorary mem- 
bership of the Royal College of Physicians in 
recognition of this work. 

When World War I! was declared, Rowbotham 
returned to the RAMC, in charge of a Surgical 
Division. He was later posted to the Cambridge 
Hospital at Aldershot to work with Edward Muir. 
There, in the Burns Unit, he successfully used 
intravenous procaine, intravenous amethocaine 
being found to be too toxic. He had charge there, 
also, of a School of Anaesthesia for Americans, 
who came in groups of twelve for a 3-week course. 
After the Normandy landings, he joined a facio- 
maxillary unit in Belgium, where his experience 
was invaluable.?° An innovation here was the use 
of 1% bromethol in saline as an intravenous 
infusion for bronchoscopy, when bronchial toilet 
was indicated. His age and length of service were 
such that he was immediately demobilised after 
VE day. He received the Bronze Star of the US 
Forces. 

Dr Rowbotham arrived back at Charing Cross 
and the Royal Free with Dr F. Prescott, then 
Clinical Research Director of Burroughs Well- 
come and ampoules of purified d-tubocurarine 
chloride, the greatest advance in anaesthesia since 
1846. Organe at Westminister Hospital col- 
laborated in early pharmacological work, with 
Dr Prescott as a human volunteer.?! These 
experiences were published, together with later 
clinical studies from Charing Cross and the Royal 
Free.*? The favoured technique involved papa- 
veretum and hyoscine premedication, thiopen- 
tone induction, nitrous oxide/oxygen anaesthesia 
with blind nasal intubation to ensure the airway 
atall times, tubocurarine chloride 0.4 mg/kg body 
weight intravenously; 30 minutes later, half the 
initial dose of relaxant was given intramuscularly. 
An ingenious attempt was made to measure 
muscle relaxation by a saline manometer with a 
perforated needle in the biceps, but this did not 
prove helpful. Respiration was assisted as indi- 
cated. Later, a mechanical ventilator was 
designed, consisting of two hinged wooden flaps 
which rhythmically squeezed the reservoir bag of 
the Waters ‘to-and-fro’ absorber. An electric 
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motor provided the power and a pressure gauge 
was incorporated (de Saram M., personal com- 
munication). At this time, Rowbotham was in 
contact with Dr R. Beaver and information on 
early ventilators was exchanged. 

The centenary of the introduction of anaes- 
thesia occurred in 1946, and Stanley Rowbotham 
was elected President of the Section of Anaes- 
thesia of the Royal Society of Medicine. His 
presidential address was a review of the main 
events in anaesthesia during the century.** 


In addition to his busy clinical practice, Row- 
botham organised teaching sessions for junior 
anaesthetic staff, introducing outside speakers— 
Professor R.R. Macintosh spoke on the Oxford 
vaporizer, Dr W.W. Mushin on nerve blocks for 
E.N.T. surgery and Dr G.S.W. Organe on d- 
tubocurarine chloride. His ambition was to 
establish a Department of Anaesthesia at the 
Royal Free Hospital. Unhappily, this was not 
fulfilled in his time. There is now a biennial 
eponymous lecture by which he is commemo- 
rated, 

Stanley Rowbotham appears not to have 
played a prominent part in the early affairs of the 
Association of Anaesthetists (Weller R., personal 
communication). When the Faculty of Anaes- 
thetists was established within the Royal College 
of Surgeons in 1947, Rowbotham was nominated 
to serve on the original Board, This was a key 
moment in anaesthetic history. The National 
Health Service was about to be set up and it was 
important and by no means certain that anaes- 
thesia would receive equality with other special- 
ties, particularly the grading of anaesthetists as 
consultants. This the Faculty achieved. Present 
day critics of the Faculty and advocates of an 
independent organisation often fail to remember 
the debt that is owing to this body for the vision 
of these pioneers. Having served his initial term, 
in 1951 Dr Rowbotham was elected by the Fel- 
lows for a second term, the other successful 
candidates being Dr A. Marston and Dr R. 
Woolmer. 


He retired in 1955, first to the Sussex coast at 
Seaford and then to Madeira. In 1958 he was 
elected an Honorary Fellow of the Faculty of 
Anaesthetists. During Professor Mushin’s term of 
office as Dean of the Faculty, a dinner in Dr 
Rowbotham’s honour was given at the Royal 
College of Surgeons. The speakers included Sir 
Arthur Porritt, President of the College. Sir Ivan 
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Fig. 7. Dr Stanley Rowbotham (centre), Sir Ivan Magill 
(left) in their retirement. Photographed at the Royal 
Society of Medicine with Dr K. Bryn Thomas. 


Magill, Dr Ronald Jarman and Dr Katharine 
Lioyd-Williams. 

In his last years, he suffered increasingly severe 
angina and deterioration of vision. Despite this, 
he continued to enjoy a full life, delighting in the 
company of friends and the entertainment of 
visitors to the island. Music too remained a great 
comfort. He retained the keenest interest in 
medicine and the progress of anaesthesia, the 
journals he received being read to him by his wife. 
He died on 10th April 1979 aged 88 years. 
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CASE REPORT 


Phenelzine poisoning 


F. X. BREHENY, G. J. DOBB anp G. M. CLARKE 


Summary 


A 46-year-old female with severe phenelzine poisoning was managed successfully by alpha blockade and fluid 
loading, with the aid of invasive haemodynamic monitoring. The pathophysiology was documented, showing 
elevated plasma and urinary catecholamines, cardiovascular abnormalities and a contracted blood volume. 
Most of these changes were reversed following treatment. 


Key words 
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Self-poisoning with tricyclic antidepressants is the 
most common cause of drug overdose in patients 
requiring admission to our intensive care 
unit (ICU). Monoamine oxidase inhibitors 
(MAOIs) are enjoying a revival as antidepressant 
agents, despite their well known interactions with 
other drugs and foods. If this trend continues, self- 
poisoning with MAOIs may occur more often in 
admissions to ICU. A patient who had taken an 
overdose of Phenelzine recently presented to the 
Royal Perth Hospital and required full supportive 
measures to assure a satisfactory outcome. 


Case history 


A 46-year-old female was brought unconscious to 
the Emergency Centre of our Hospital. She had a 
2-year history of psychiatric depression, treated 
initially with imipramine, and more recently with 


phenelzine. A few hours before presentation, she 
had ingested an unknown quantity (probably 
about 60) of phenelzine 15 mg tablets. 

Examination at the time of presentation re- 
vealed a comatose middle aged female. She made 
no purposeful responses to painful stimuli, had a 
poor gag reflex, normal pupils and pupillary re- 
flexes, and had flaccid limbs with absent reflexes. 
She had a pulse of 72/minute, and an arterial 
blood pressure of 150/100 mmHg, with normal 
heart sounds. Electrocardiography showed non- 
specific flattening of the T-waves with poor pro- 
gression of the R-waves over the anterior chest 
leads. A chest X ray showed changes consistent 
with pulmonary aspiration on the right side. Her 
peripheries were warm and well perfused. 

In view of the inability to protect her airway, 
her trachea was intubated prior to gastric lavage, 
which did not reveal any tablet remnants. After 
instillation of 50 g activated charcoal, she was 





F.X. Breheny, MB, BCh, BAO, FFARCSI, FFARACS (intens), Senior Registrar, G.J. Dobb, MSc, MB, BS, MRCP, 
FFARCS, Specialist in Intensive Care, G.M. Clarke, MB, BS, FFARCS, FFARACS, Director of Intensive Care, 


Royal Perth Hospital, Perth, Western Australia, 6001. 


Correspondence should be addressed to F.X. Breheny, 


Street, Fremantle, 6160, Western Australia, 


Director of Intensive Care, Fremantle Hospital, Aima 
. 


0003-2409/86/010053 + 04 $03.00/0 © 1986 The Association of Anaesthetists of Gt Britain and Ireland , 53 


54 FX. Breheny, G.J. Dobb and G.M. Ciarke 
transferred to the ICU for further management. 
On admission to the ICU, she was deeply un- 
conscious and hypothensive. Initial treatment in- 
cluded intermittent positive pressure ventilation 
of her lungs (IPPY) and fluid loading to a central 
venous pressure (CVP) of 10 cm H,O with a total 
of 300 mi of 0.9% sodium chloride, and 300 mi 
of stable plasma protein solution (SPPS). After 
the onset of spontaneous ventilation, she was 
allowed to breathe humidified oxygen enriched 
air via a T-piece system, while remaining 
intubated. Ten hours after admission, she 
developed cold, clammy peripheries, while core 
body temperature remained normal. Arterial 
blood pressure was low at 80/50 mmHg and failed 
to respond to increments of SPPS (total 350 ml). 
She developed a sinus tachycardia (120-130; 
minute), profuse sweating, mainly of the head, 
neck and upper limbs, with excessive salivation 
and bronchorrhoea. She became restless and 
agitated, especially when stimulated, thus making 
nursing care very difficult. 

Four hours later, her breathing became more 
laboured, arterial blood gases deteriorated, and 
a chest X ray revealed florid pulmonary oedema. 
After restarting intermittent positive pressure 
ventilation with 5 cm H,O of positive end- 
expiratory pressure (PEEP), she underwent a 
spontaneous diuresis with rapid clearing of the 
pulmonary oedema. 

There was little change over the next 36 hours. 
She required a constant alphaxalone/alphadalone 
(Althesin) infusion for sedation, in order to 
allow proper nursing care. She remained hypo- 
tensive, had a persistent tachycardia. and cold, 


clammy peripheries, and continued to sweat pro- 
fusely. When dopamine was given in a dose of I 
pg/kg/minute to support the blood pressure, there 
was an exaggerated response, with the systolic 
blood pressure rising from 80 mmHg to 180 
mmHg. Atropine 1.2 mg had no effect on any of 
the signs. Phentolamine 5 mg administered by 
slow intravenous infusion, resulted in a slow 
transient fall in the systolic blood pressure to 60 
mmHg. 

On the third day, a Swan-Ganz catheter was 
inserted because of persisting hypotension and 
abnormal peripheral perfusion. This revealed an 
initial pulmonary artery wedge pressure (PAWP) 
of 11 mmHg, with a very high systemic vascular 
resistance (SVR) (Table 1). Alpha adrenergic 
blockade and a colloid infusion (SPPS) were com- 
menced simultaneously. Phentolamine 40 mg 
administered over 10 hours, was followed by the 
institution of prolonged alpha blockade by ad- 
ministering 75 mg of phenoxybenzamine over a 4- 
hour period. The same dose of phenoxybenz- 
amine was repeated 3 days later. Serial haemo- 
dynamic measurements showed a decreasing SVR 
and an increasing cardiac index. 

Tables 2 and 3 record the plasma and urinary 
catecholamines. Plasma catecholamines were 
measured using a radio-enzymatic assay and uri- 
nary catecholamines were measured using the tri- 
hydroxyindole technique, following separation 
using a weak cation-exchange resin. Measure- 
ments of blood and plasma volumes (using the 
1'25 labelled albumin technique) were carried out 
on two occasions, one week apart, before and 
after alpha adrenergic blockade (Table 4). 


Table 1, Haemodynamic measurements before and after alpha blockade 
eames enn nr rinrercetentemnnnansnones 








cr SVRt PVR} PAWPS§ CVP! HR BP** SPPStt 

Pre-alpha blockade 2.7 27. 19 7 6 120 130/95 
Alpha blockadet 

3 hours 3.4 18.1 1.3 12 15 115 135/90 700 
Alpha blockadet 

6 hours 3.6 13.4 09 13 15 112 115/75 1500 
Alpha blockadet 

3 days 4.5 99 1.0 14 9 HI 101/62 
Normal range 2.8-3.6 11.2-15.0 1.0-1.5 5-11 


Meenemen a ee 


*Cardiac Index l/sq m. 

Systemic vascular resistance, mmHg/(litres/min). 
{Pulmonary vascular resistance, mmHg/(litres/min). 
§Pulmonary artery wedge pressure, mmHg. 
‘Central venous pressure. 

“Heart rate. 

3*Blood pressure, mmHg. 

T#Stable plasma protein solution. 





Table 2. Urinary catecholamine levels 


Day Catechol- Normet- 
after amines adrenaline 
admission pmol] moli 
2 3.9 15 
5 2.1 7.4 
9 ate 2.7 
Reference 7 
range <1.5 <6.0 


Alpha adrenergic blockade was instituted on the third 
day after admission. 


There was a marked clinical improvement in 
peripheral perfusion which paralleled the im- 
provement in the haemodynamic measurements 
(Table 1). The tachycardia persisted and the 
patient remained restless and agitated when seda- 
tion was temporarily ceased. Both of these re- 
solved spontaneously over the next 3 days. 
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and most often follows pure MAOI overdose. ' 
In the case reported, in the region of 900 mg of 
phenelzine was ingested, a dose which is within the 
range in which death has been reported to occur.* 
After a 6-12 hour delay, presenting signs in- 
cluded an altered conscious state, restlessness and 
peripheral vasoconstriction. This was followed by 
hypotension, excessive secretions, hyperhidrosis 
and tachycardia. It may be speculated that the 
pulmonary oedema was precipitated by an abrupt 
increase in left ventricular afterload causing ex- 
cessive strain on the left ventricle, aggravated by 
generous, though not excessive, intravenous 
fluids. The rapid clearing of the pulmonary 
oedema following sedation, tracheal intubation 
and assisted ventilation supports this thesis. 
Not all of the clinical features could be ac- 
counted for by an excess of catecholamines alone. 
The copious salivation and bronchorrhoea were 


Table 3. Plasma catecholamine levels 








Day after Noradrenaline Adrenaline Dopamine 
admission ng/ml ng/ml ng/ml 
2 2.39 2:12 19.7 
5 2.17 1.25 10.89 
9 1.61 0.04 0.29 
21 0.76 0.05 0.027 
Reference 0.1-0.4 <0.05 ~0.05 





Discussion 


The features of MAOI poisoning are due to the 
tissue accumulation of catecholamines rather 
than a direct toxic effect of the drug. There is 
usually a delay of 6-12 hours before the onset of 
signs of poisoning. The characteristic features are 
hyperpyrexia, hypertension, and central nervous 
system stimulation with restlessness and, some- 
times, seizures. The peripheral tone is increased 
and reflexes are brisk. Hyperhidrosis and hor- 
ripilation are also commonly seen. Hypotension is 
a poor prognostic sign, which often occurs late 


Table 4. Blood volume measurements 





Day Plasma Blood 
after volume volume 
admission (ml) (ml) 
2 1970 3012 
9 3012 4317 
Predicted 2284 3600-3800 


more like acetylcholine excess and hypotension, 
rather than hypertension, was a feature despite 
peripheral vasoconstriction. The absence of 
hyperpyrexia, which is a characteristic of severe 
poisoning and a leading cause of death, is not 
easily explained, although it may occur more 
commonly when other antidepressant agents are 
ingested at the same time.? Althesin was used for 
sedation because of its efficacy in the critically 
ill.* Administration by infusion allowed reassess- 
ment of the patient’s conscious state soon after 
it was stopped; it is no longer available. 

The concentrations of both urinary and plasma 
catecholamines were markedly elevated and are 
similar to those in patients with phaeochromo- 
cytomata. Measurement of the blood and plasma 
volumes clearly show the presence of a contracted 
blood volume before alpha adrenergic blockade. 

The features of MAOI poisoning are essentially 
those of catecholamine excess, so treatment 
should counter these effects with alpha and beta 
adrenergic blockade. As the alpha adrenergic 
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effects were the most prominent, alpha blockade 
was instituted first, with beta blockade to follow if 
it was necessary. The rapid fall in blood pressure 
after a trial of phentolamine and the recent pul- 
monary oedema suggested that alpha adrenergic 
blockade and fluid loading could be more safely 
performed with invasive haemodynamic monitor- 
ing. This allowed volume loading and vasodila- 
tation to be performed concurrently. The 
improvement (shown in Table [) in both cardiac 
output and systemic vascular resistance after 700 
ml of SPPS and 20 mg of phentolamine was also 
apparent clinically. The continued improvement 
and its maintenance with phenoxybenzamine are 
evident from subsequent measurements. The pro- 
gress was such that beta blockade was not consi- 
dered necessary. 

This case report demonstrates some of the bio- 
chemical and haemodynamic alterations which 
occur secondary to phenelzine poisoning. 
Whereas the clinical features have been described 
before, %5 the biochemical and cardiovascular 
consequences have not been well recorded. 
Treatment along physiological and pharmaco- 
logical lines proved successful. Continued sup- 
port is necessary until adequate amounts of new 
monoamine oxidase is regenerated. This is said to 
occur in 10 days to 2 weeks.° This case suggests, 
however, that active therapy does not necessarily 
have to be continued for this length of time. 
Clinical signs of poisoning were not present but 
the level of noradrenaline had not returned to 
normal after 21 days. which indicates the pro- 
longed effect of phenelzine on MAO inhibition. 
The use of chlorpromazine. which produces mild 
alpha blockade as well as central depression and 
has a hypothermic effect, has previously been 
successfully used for MAOI poisoning.” ® We did 
not use it, but it might have been useful. 

Our recommendations for the future manage- 
ment of poisonings with MAOIs would be: 
standard methods for drug overdose;® if signifi- 
cant poisoning is confirmed, chlorpromazine in 


doses up to 50-100 mg may alleviate the 
symptoms and signs; more severe po:soning may 
require insertion of a pulmonary artery catheter 
and alpha blockade while the haemodynamic 
response is monitored, if tachycardia and dysrhy- 
thmias are a problem, beta blockade with 
intravenous practolol or propranolol would be 
indicated: if hyperpyrexia is not alleviated by 
these measures, active cooling should be under- 
taken, 
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CASE REPORT 


Acute upper airway obstruction 


Spontaneous retropharyngeal haematoma in a patient with polycythaemia rubra vera 


J. W. MACKENZIE anp JILLIAN A. JELLICOE 


Summary 


A case is described of retropharyngeal haematoma due to spontaneous bleeding from the inferior thyroid 
artery and causing acute upper airway obstruction. Results of the haematological investigations were sug- 
gestive of underlying polycythaemia rubra vera. The presentation and findings in this case are discussed. 


Key words 


Complications; airway obstruction. 
Blood; polycythaemia rubra vera. 


Retropharyngeal haemorrhage is rare,’ usually 
due to trauma or surgery in the neck, and is an 
uncommon cause of respiratory obstruction. The 
diagnosis is straightforward once it has been 
considered, and prompt intervention may be 
lifesaving. Spontaneous bleeding may occur in 
polycythaemia rubra vera, but this condition 
alone has not previously been described as a cause 
of retropharyngeal haematoma. 


Case history 


A 72-year-old woman was admitted for social 
reasons precipitated by the illness of her husband. 
She was known to be on antihypertensive medica- 
tion (Navidrex-K one tablet daily, and methyl 


dopa 250 mg t.d.s.), and to have sustained a cere- 
brovascular accident 8 years previously. She had 
no complaints on the day of admission; her 
daughter thought that the patient might have 
fallen at home, but there was no evidence of any 
injury. Her arterial blood pressure was 150/80 
mmHg and signs of an old left hemiparesis were 
present. However, routine haematological in- 
vestigations were suggestive of polycythaemia 
rubra vera. 

The following afternoon she developed sudden 
symmetrical swelling of her neck, causing pain 
and slight distress. The swelling was firm, non- 
pulsatile, about 6 cm in diameter and had the 
appearance of a goitre. At this stage respiration 
was not compromised and pulse and blood pres- 
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Fig. 1. Soft tissue X ray at time of appearance of 
swelling in the neck. A mass behind the trachea ts dis- 
placing it to the right. 


sure readings were unchanged. Soft tissue X rays 
performed at this time showed a mass behind the 
trachea, displacing it to the right (Fig. 1). A 
barium swallow confirmed that the mass lay 
behind and compressed the oesophagus (Fig. 2). 

Two hours after the initial event, the patient 
complained of more pain, at which time the cer- 
vical swelling rapidly increased and she became 
extremely distressed and dyspnoeic. It was 
obvious at this stage that respiration was becom- 
ing rapidly obstructed and the trachea was there- 
fore intubated as an emergency to maintain the 
airway. At laryngoscopy, the cords were seen to 
be deviated to the right, but a 7.5 mm tube could 
not be passed. Fortunately. a 6.0 mm cuffed 
Portex tube could be passed with relative ease 
and blood gas analysis following intubation and 
ventilation was satisfactory. The swelling was 
now asymmetric, more predominant on the left, 
and needle aspiration here revealed fresh blood. 
The patient was kept sedated, paralysed and 
ventilated prior to transfer to theatre, where the 
neck was explored via a thyroid collar incision. 
A darge retropharyngeal haematoma was found 





Fig. 2. Barium swallow confirms presence of a mass 
compressing the oesophagus. 


and the bleeding point identified as the left 
inferior thyroid artery, which was ligated. No 
aneurysm was apparent and the thyroid itself 
appeared normal. 

In view of the probability of laryngeal oedema 
postoperatively, the patient’s lungs were ven- 
tilated for 4 days. when it was possible to change 
the tracheal tube to a size 8.0 mm to permit 
spontaneous ventilation. However, the patients 
Jevel of consciousness remained depressed and 
ventilation was continued until the next day, 
when signs of shock developed and resuscitative 
measures were unsuccessful. 

Postmortem examination revealed massive 
haemoperitoneum, an enlarged spleen (1.6 kg) in 
which infarcion had occurred, together with 
thrombosis of the splenic vein, presumably lead- 
ing to splenic rupture and the terminal signs of 
shock. There was no evidence of septicaemia. 


Discussion 


The retropharyngeal space in the neck is a 
potential space anterior to the prevertebral fascia 


but behind the oesophagus. Inferiorly, the space 
continues into the superior mediastinum. A full 
anatomical description is given by Sandor and 
Cooke.? 

The clinical diagnosis of retropharyngeal 
haemorrhage may be inferred from the following 
triad: symptoms of acute superior mediastinal 
compression; radiographic displacement of the 
trachea anteriorly (the distance between the 
anterior part of the body of C, and the posterior 
wall of the pharynx should not normally exceed 
7 mm); bruising of the neck, tracking to the 
anterior chest wall within 48 hours. Causes 
include trauma (which may be minimal, e.g. 
coughing), surgery (especially thyroid), erosion 
of the carotid artery by retropharyngeal abscess, 
rupture of a carotid aneurysm, extension of 
bleeding from an aortic aneurysm and spon- 
taneous rupture in patients on anticoagulants, 
and those with aberrant arteries at the level of 
the thoracic inlet.? 

Thrombotic complications are common in 
polycythaemia rubra vera, but a bleeding ten- 
dency has also been noted; the precise cause of 
this tendency remains uncertain.27~* Multiple 
minor and often contradictory anomalies in 
clotting factors have been observed but the major 
role in haemorrhagic episodes is considered to lie 
with defective platelet function.‘ 

A search of the literature has revealed sur- 
prisingly few episodes of spontaneous bleeding 
in polycythaemia rubra vera; a 55-year-old, 
previously fit but undiagnosed patient developed 
a groin haematoma and was subsequently 
diagnosed as having polycythaemia vera.° Owens 
et al. describe two patients on anticoagulants, 
including a 61-year-old man on warfarin for 
polycythaemia vera who developed neck swelling 
after a violent tussive episode. Interestingly, in 
this case, the prothrombin time ratio was not 
prolonged, so the bleeding tendency may have 
been due to the polycythaemia itself. Genovesi 
and Simmons describe a similar patient, also on 
anticoagulants, in whom clotting times were 
prolonged.® 

The haematoma usually resolves within 7—14 
days and respiratory embarrassment is not 
usually-a problem. If it is, O’Neill et al.? recom- 
mended tracheostomy under local anaesthesia to 
gain control of the airway in elderly patients, 
since intubation may be difficult and can lead to 
rupture of the trachea. clearly, in this case, trach- 
eostomy was not possible and tracheal intubation 
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immediately relieved the obstruction to respira- 
tion, but in either procedure difficulties may be 
encountered due to the effects of a large haema- 
toma on normal anatomical arrangements. +° 


Conclusions 


A 72-year-old woman with probable poly- 
cythaemia rubra vera developed a retro- 
pharyngeal haematoma, leading to respiratory 
obstruction 30 hours after a social admission to 
hospital. There was a possibility that she had 
fallen at home, but this was not confirmed by the 
history and there was no evidence of injury. The 
haematoma was found to be due to an apparently 
spontaneous haemorrhage from the left inferior 
thyroid artery. She subsequently died from intra- 
peritoneal haemorrhage, due to thrombosis and 
rupture of an enlarged spleen. Spontaneous 
bleeding in unusual sites may be due to under- 
lying polycythaemia rubra vera. 
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CASE REPORT 


Detection of neurological damage during cardiopulmonary bypass 


S. N. C. BOLSIN 


Summary 

Three cases of neurological damage, which occurred during cardiopulmonary bypass, and which were 
detected by the cerebral function analysing monitor, are reported. A fourth case, which had similar changes 
on the cerebral function analysing monitor but no neurological damage, is also described. The impor- 
tance of changes in frequency of the cerebral electrical activity in the early detection and accurate 
prediction of severity of neurological damage is emphasised. The advantages of this instrument over 


other displays of the electroencephalogram are discussed. 


Key words 
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Despite an overall improvement in the results 
of open heart surgery (OHS), reports of neuro- 
logical damage continue to appear.’-? The use 
of the cerebral function monitor (CFM) during 
cardiopulmonary bypass (CPB) is now well estab- 
lished and has been associated with a reduced 
incidence of neurological dysfunction detected 
postoperatively.3-+ 

High accuracy of prediction of neurological 
outcome has been claimed with the use of the 
CFM, but this can be attributed in part to the 
inclusion of a large number of unremarkable 
traces recorded from patients who eventually 
recovered.* The value of the CFM is also limited 
by the generation of both false positive records 
(an altered CFM trace associated with no 
apparent neurological deficit postoperatively) and 
false negative traces, where an uninterrupted 
CFM trace belies the occurrence of CNS damage 


detected later. This limitation of the CFM may 
be due to the lack of frequency information 
displayed in the record, which has been seen 
as a major drawback to its use.’ 

A new microprocessor-based instrument for 
the analysis and recording of cerebral electrical 
activity, the cerebral function analysing monitor 
(CFAM), has been developed.’ The signal is 
received from biparietal surface electrodes, 
secured to the scalp with collodion, and the 
recording is made at a paper speed of 5 mm/ 
minute. Tne CFAM provides similar information 
to the CFM but, in addition, generates a per- 
manent record of frequency analysis of the fil- 
tered and augmented electroencephalogram 
(EEG) signal. Frequency analysis is in the classical 
bands (beta: 13-27 Hz; alpha: 7.5-13 Hz; theta: 
3.5-7.5 Hz; delta: 1-3.5 Hz) and the record 
shows percentage of total electrical activity occur- 
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ring in each waveband. The CFAM also records 
the mean, 10th and 90th centiles of cerebral 
electrical activity, as well as the minimum and 
maximum excursions in a 2-second epoch. 

The following four patients were in a study 
group of 30 patients monitored with the CFAM 
throughout operation and who were followed up 
with neurological examinations and a question- 
naire. They are presented to demonstrate the 
predictive value of frequency analysis of the 
recorded signal. The CPB circuit for all cases 
included a BOS-10s oxygenator with a 40 micron 
arterial-line filter (Pall) for the first, second and 
fourth patients. No arterial line filter was used in 
the third patient. 


Case histories 


First patient 


A 62-year-old man who required elective coronary 
artery vein grafting, showed a reduction in mean 
cerebral electrical activity at an early stage during 





























HAN SOO mev ii om i Hi Woo re rs Bn m 
ET HRT ai I 
TAME ma | | 
INANE aiil | Il 
LITE: ATT TEE TH 
P a a ii de ae 
ii age THT GH HEIHE RRN Hit ibid RRRIHH 
Miika au EARI ail ini iilii 
‘i LAURA ANNANN ATT 
cen 
OT THe Ht i HA nH UATE 
UDC IVAN RFEETLSNVULG ENTALTEN ENOO NEARNE TON AARNEN 
HN THT 

HAUL pe te 

a % delta TE THT CECE uriini 
MAUI uni 

HRI i 

MNIE Silama li 

NRIN RTE ATE 








yee 








HUA A 
FTTH EER TT EE 
ilill; an iilii e teen ET Y AF 


EE E nit AAA ANAA A 


CPB and at the unusually high temperature 
of 34°C. However, the most prominent change 
occurred in the frequency distribution, with com- 
plete loss of beta activity and marked reduction 
in alpha activity. There was a concomitant 
increase in the theta and delta wavebands. These 
changes were prolonged, lasting for 3 minutes, 
but subsequently recovered spontaneously. The 
mean arterial pressure was above 60 mmHg 
throughout this period and all other haemo- 
dynamic variables were normal. The CFAM 
record showed no other deterioration for the 
remainder of the operation. The total CPB 
time was 147 minutes. 

This patient was found postoperatively to have 
suffered a mild right hemiparesis which resolved 
in 5 days. However, he did complain of vivid 
dreaming, blurring of vision and reduced concen- 
tration before discharge at 8 days. A follow up 
questionnaire at 6 weeks revealed that. he now 
required glasses for near vision, had occasional 
double vision, had noticed a reduction in short 
term memory and was prone to uncharacteristic 
depression and emotional! lability. 
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Fig. 1. The CFAM record of the first patient. The upper trace shows (from above) the maximum excursion, 90th 
centile, mean, 10th centile and minimum excursion of the processed amplitude signal in each 2-second epoch. The 
lower trace stows the percentage of activity in each of the EEG wavebands and the time the amplitude trace is depressed 
below 1.5 mc'V foreach 2-second epoch. Arrows indicate cannulation of the aorta, commencement of cardiopulmonary 
bypass (on CPB), the administration of sodium thiopentone (STP 125 mg), cessation of extracorporeal circulation 
for 10 seconds (pump off 10’) and degrees Centigrade (34, 32 & 30). The trace shows depression of the mean amplitude 
of the processed electroencephalogram with widening of the 10th—90th centile envelope. There is a marked shift from 
the faster frequencies (beta and alpha) to the slower frequences (theta and delta), with suppression of the mean 
amplitude below 1.5 mcV. 
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Figure2. The CFAM record of thesecond patient. Format and labelling as for Fig. 1. The traceshows marked reduction 

of the mean voltage of the processed EEG and widening of the 10th-90th centile envelope with marked slowing of 

the frequency distribution. The surgeon was informed (SI) and adjustmen: of the aortic cannula produced a rapid 
improvement with restoration of the faster frequencies and increase in the mean voltage. 


Second patient 


A 63-year-old man with aortic stenosis who 
needed valve replacement gave a history of a 
single episode of collapse with loss of conscious- 
ness more than one year pre-operatively. During 
CPB, changes developed in the CFAM trace 
inconsistent with the temperature (32°C) and 
apparently normal perfusion, as judged by pump 
flow, perfusion pressure and arterial blood gas 
tensions. The changes observed were a decline 
in the mean cerebral electrical activity and, more 
importantly, complete loss of beta activity and 
marked reduction of alpha activity. There was 
also a pronounced increase in theta and delta 
activity. The reduction in beta activity was pro- 
longed (3 minutes) and alpha activity remained 
abnormally low for 4 minutes. 

The onset of these changes prompted a careful 
check of all aspects of perfusion and, when 
nothing abnormal was found, the surgeon was 
informed of the adverse CFAM changes, which 
were considered to represent reduced cerebral 
perfusion. The position of the aortic cannula 
was adjusted and this resulted in restoration 
of the voltage and frequency distribution of 
the CFAM trace, despite further cooling. 

Postoperatively, this patient was found to have 


a mild left upper monoparesis which had re- 
solved by the third day. The questionnaire at 
6 weeks revealed nightmares in the second post- 
operative week. 


Third patient 


A 47-year-old man required double valve re- 
placement for mitral and aortic valve stenosis. 
Six months before operation he had suffered 
temporary blindness in the left eye lasting 90 
seconds, which was thought to be embolic in 
nature. 

Early during CPB, at a temperature above 
32°C, there was a period of hypotension; the 
mean arterial pressure (MAP) fell to 30 mmHg 
for 3-4 minutes. This was associated with an 
initial decline in the level of cerebral electrical 
activity, but then the trace became erratic and 
difficult to interpret for 4 minutes, before return- 
ing to a normal level. Simultaneously, the fre- 
quency analysis showed substantial slowing with 
complete loss of the fast (beta) activity and 
considerable reduction of the alpha activity, while 
delta and theta activity increased markedly. These 
changes would not normally be expected at this 
temperature and were related to the period of 
hypotension. Beta activity was lost for 4 minutes 
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Fig. 3. The CFAM record of the third patient. Format and labelling as for Fig. 1. The trace shows a fall in voltage 
associated with a period of hypotension. The voltage trace becomes erratic and there is marked and prolonged loss 
of the faster frequencies (beta and alpha) despite restoration of the mean arterial pressure and the voltage trace. 


and increased after the return of normal per- 
fusion pressures, despite further cooling to below 
26°C. Alpha activity remained considerably re- 
duced for a longer period. 

This patient suffered an extensive left hemi- 
paresis. After a prolonged inpatient course, 
he was discharged home and, at that time, had 
considerable difficulty in walking and only slight 
movement of the fingers of the left hand. At 
6 weeks he reported florid visual disturbances, 
persistent weakness of the left side, difficulty 
with speech and comprehension, and uncharac- 
teristic emotional outbursts. 


Fourth patient 


A 63-year-old lady underwent uneventful aortic 
and mitral valve replacement but, before the 
end of CPB, at a temperature of 37°C, there 
was a profound fall in MAP to <25 mmHg 
for 1 minute, due to insufficient venous return. 
This produced a marked reduction in cerebral 
electrical activity and alteration in the frequency 
distribution. Beta activity ceased completely 
and alpha activity was greatly reduced. Delta 
activity was increased during the hypotensive 
“period. When the MAP was corrected, the voltage 


record and frequency distributions were restored. 
The loss of beta activity was restored in under 2 
minutes. The voltage record remained below the 
pre-ischaemic level for more than 5 minutes, 
despite a constant temperature. 

Postoperatively, the patient complained only 
of reduced ability to concentrate, but on the 
4th postoperative day she developed double vision 
from an internuclear ophthalmoplegia, thought 
to be secondary to a platelet embolus. This 
resolved after 48 hours treatment with dipyri- 
damole. Follow up by questionnaire at 6 weeks 
revealed persistent blurring and dimming of 
vision, with occasional double vision, reduced 
concentration and some nightmares after dis- 
charge home. 


Discussion 
These four case histories illustrate the value 
of monitoring cerebral function during CPB and 
demonstrate clearly the importance of frequency 
information in the recognition of reduced cerebral 
perfusion from whatever cause. It is possible 
that cooling on CPB may have been responsible 
for some of the changes in voltage and frequency 
observed in patients 1-3. However, all changes 


Te 


Seo 
























































































































































Fig. 4. The 4channel record of the third patient 
showing (from above) blood pressure, temperature, 
frequency and analysed amplitude display. A marked 
fall in the mean arterial pressure is followed by a 
sudden deterioration of the voltage trace with a fall 
in the faster frequencies and an increase in the delta 
waveband. (Evoked potential displays occur at the 
five breaks in the frequency and amplitude records.) 


seen developed at a nasopharyngeal temperature 
above 32°C, whereas previous reports of cerebral 
electrical activity and frequency of the EEG 
have described changes only at lower tempera- 
tures.2-° It is generally accepted that loss of 
fast activity (beta and alpha) is a direct result 
of reduced cerebral perfusion during open heart 
surgery. 

In the first patient, the cessation of pump flow 
for 10 seconds had little immediate effect on 
the CFAM trace. This would be expected as 
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pressure does not fall precipitously and may 
be below 50 mmHg for less than 5 seconds. 

The presence of cerebrovascular disease can 
be expected to contribute to the development 
of cerebral ischaemia and postoperative neuro- 
logical damage after CPB, but none of the patients 
reported here were known to suffer from carotid 
or vertebral arterial disease, although special 
investigations had not been undertaken. The 
presence ofasymptomaticcerebrovascular disease 
is likely in a proportion of patients presenting 
for OHS, but even in those presumed to have 
widespread arterial disease, the value of using 
the CFAM is that unacceptable ischaemia in 
the individual patient can be detected early and 
accurately. The second patient also demonstrates 
that warning can be given to improve cerebral 
perfusion and minimise any cerebral damage 
that is occurring. 

The history of the fourth patient suggests 
that the duration of the frequency changes pro- 
duced by a fall in cerebral perfusion pressure 
may be indicative of the severity of the ischaemic 
insult, thus providing useful information for 
the accurate prediction of the outcome following 
such an event. 

The third patient demonstrates that prolonged 
slowing of the frequency distribution of the 
analysed signal, is a serious prognostic sign 
despite a return to normal voltage. A similar 
pattern was seen in the first patient, where the 
voltage change was not marked but the frequency 
information was unequivocal. 

The advantage of the CFAM over the con- 
ventional EEG for peri-operative monitoring 
is the simplicity of the display. The EEG runs 
at a paper speed of 30 mm/second, whereas 
the CFAM runs at 5 mm/minute, producing 
a comprehensive and easily scanned display of 
continuous activity and trends. Although the 
EEG was used in the early reports of CPB 
monitoring, its use was limited as it required 
retrospective interpretation and classification by 
a neurophysiologist.® 1° Although the CFAM 
has the facility to produce a direct record of 
the EEG, this was not employed during the 
operative or postoperative period. A direct EEG 
record would have interrupted the CFAM trace. 
Changes in the CFAM trace are much easier 
to monitor for deleterious trends or improvements 
than the EEG. A postoperative EEG would 
have had little value since the changes seen 
on the CFAM had recovered by that stage. e 
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The CFAM provides an *on-line’ analysis and 
a simple display, which does not require specialist 
interpretation, although some experience with 
the instrument is helpful. These are the primary 
requisites for new technology in this field.61! 
The CFAM does not suffer from the dis- 
advantages of other instruments, such as the 
three dimensional display and the ‘blind-spots’ 
of the Compressed Spectral Array, or the lack 
of precision inherent in the ‘grey dots’ of the 
Density-Modulated Spectral Array.6-1!-12 

The accuracy, simplicity and ease of interpre- 
tation of the permanent record make the CFAM 
a very useful instrument for monitoring patients 
during CPB. The first and second case histories 
demonstrate the early detection of minor degrees 
of cerebral damage and the fourth patient 
demonstrates that the changes can precede the 
development of detectable neurological damage. 
All the cases described illustrate the value of 
monitoring the frequency distribution of the 
analysed signal to detect the onset of impaired 
cerebral perfusion. The duration of the frequency 
changes may be of considerable importance in 
the prediction of the severity of the postoperative 
deficit. 
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CASE REPORT 


Neonatal tracheal perforation 


A complication of tracheal intubation 


B. J. MCLEOD anp E. SUMNER 


Summary 


Tracheal perforation following intubation in the neonatal period is rarely reported but is a serious com- 
plication that should be considered whenever difficulty in ventilation, surgical emphysema or 
pneumothoraces appear following intubation. Management includes the immediate and skilled replacement 
of the tube within the tracheal lumen and control of the air leak. Factors which increase the likelihood 


of occurrence of perforation are discussed. 
Key words 


Intubation, tracheal; complications, perforation. 


Tracheal intubation of neonates is a common pro- 
cedure. There is great variability in the skill of 
the intubator and the type of equipment available. 

We report a case of tracheal perforation in a 
neonate by a Cole’s tracheal tube used without 
a stylet. Tests were performed on the physical 
properties of these tubes, and compared with other 
popular neonatal tubes. 


Case history 


A male infant who weighed 1.6 kg was transferred 
to the Hospital for Sick Children, Great Ormond 
Street with a diagnosis of tracheo-oesophageal 
fistula with oesophageal atresia, left pneumo- 
thorax and hyaline membrane disease. 

He had been born at 30 weeks’ gestation 
following spontaneous rupture of membranes 
and vaginal delivery with Wrigley’s forcep’s 
extraction. He was apnoeic at birth and the 


trachea was intubated uneventfully with a 3.0- 
mun internal diameter Cole pattern tracheal tube 
(without stylet; Portex Ltd, Hythe, Kent); the 
lungs were ventilated for 6 minutes. He was 
extubated and transferred to the neonatal unit, 
where he again became apnoeic requiring re- 
intubation (2.5 mm i.d. Cole’s tube without 
stylet). Despite ventilation, his cyanosis persisted 
and a left pneumothorax was found on X ray. 
An intercostal drain was inserted and his condi- 
tion improved. Attempts to pass a nasogastric 
tube failed and X rays revealed it to be coiled in 
the upper oesophagus. His lungs were ventilated 
on a Bourn BP 200 Infant ventilator at a rate of 
30 breaths/minute peak inspiratory pressure of 
1.8 kPa with 0.5 kPa positive end expiratory 
pressure, and a fractional inspired oxygen con- 
centration (Fio,) 0.35. He received intravenous 
fluids (60 mi/kg/24 hours), penicillin and 
gentamicin. 


-~ BJ. McLeod, MB, ChB FFARCS, Registrar in Anaesthetics, E. Sumner, MA, BM, BCh, FFARCS, Con- 
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Transfer to this hospital was arranged and the 
results of arterial blood gas analysis at that time 
with Fio, 0.35 was pH 7.18; Paco, 5.35 kPa; 
bicarbonate (HCO,) 14 mmol/litre and Pao, 14.7 
kPa; 3 mmol HCO, were given intravenously. 

He was transferred by ambulance, whilst in- 
tubated and ventilated with a left chest drain, an 
umbilical arterial and a peripheral intravenous 
line in situ. On arrival he was cold (rectal 
temperature 35.1°C)) and cyanosed both cen- 
trally and peripherally. The fontanelle was flat 
and peripheral pulses were impalpable. There was 
marked bruising of the left facial and parasternal 
areas and swelling of the neck with crepitus. The 
trachea was displaced to the right and there was 
decreased movement of the left side of the chest 
with a continuous air leak into the chest drain. 

He was resuscitated with plasma 30 ml/kg intra- 
venously over 20 minutes and rewarmed. The 
tracheal tube was replaced uneventfully with a 
2.5 mm i.d. nasal tube (Portex Ltd, Hythe, 
Kent) cut to a length of 9 cm and used without 
a stylet. Over the following hours he required 
increasing ventilatory pressure (3.5/0.4 kPa) and 
rate (45/min) to maintain acceptable gas 
exchange. Repeat X rays showed a small left 
pneumothorax, hyaline membrane disease, medi- 
astinal and subcutaneous emphysema, gaseous 
distension of stomach and bowel and gas under 
the diaphragm. 

He then underwent right thoracotomy for 
ligation of a tracheo-oesophageal fistula and gas- 
trostomy. A defect was found in the trachea at 
the level of the fistula through which large 
amounts of gas leaked into the mediastinum 
during ventilation. 

Following this there was some improvement 
in gas exchange, but despite this, renal function 
deteriorated and peritoneal dialysis was begun. 
Ultrasound suggested a large intraventricular 
haemorrhage and a computerised tomography 
scan confirmed this. 

Brain death was diagnosed and ventilation was 
discontinued 8 days post delivery. 

Postmortem examination of the chest revealed 
the sutured defect in the trachea and the ligated 
fistula. The trachea was otherwise grossly normal. 


Discussion 


Complications of tracheal intubation in children 
#iclude oesophageal, pharyngeal and tracheal per- 


foration and subglottic stenosis. Pharyngeal and 
oesophageal perforations occur relatively com- 
monly following the passage of nasogastric and 
tracheal tubes. Subglottic stenosis is a well 
documented complication of longterm tracheal 
intubation.!~> In this case the perforation was 
associated with the use of a Cole’s type of tracheal 
tube in a neonate with a tracheo-oesophageal 
fistula. These tubes are popular because of their 
stiffness and shouldered profile. The stiffness may 
make intubation easier and the shouldered profile 
is intended to prevent distal migration of the tube 
through the glottis. 

We believe that these features may be associated 
with a greater potential for laryngeal end tracheal 
damage.‘ To investigate this, measurements were 
made of some properties of Cole’s tubes and these 
were compared with measurements made on other 
popular neonatal tubes. The following measure- 
ments were made. Wall thickness (mm); this is 
the external diameter minus the internal dia- 
meter; tensile strength in Newtons per metre 
squared (N/sq m); the force required to break 
the tube when pulled longitudinally; elongation 
at breakpoint (%); the percent elongation of the 
tube at break point; 100% modulus (N/sq m); 
the force required to elongate the tube by 100 
per cent when pulled longitudinally. 

We compared three types of tubes, Cole’s, 
siliconised blue line and ivory blue line (Portex 
Ltd, Hythe, Kent). All tests were conducted at 
21°C and a relative humidity of 50%. Tests were 
performed in triplicate and a mean value was cal- 
culated for each size and type of tube. Standard 
errors have not been included. 

The results (see Table 1) confirm the greater 
rigidity and wall thickness of Cole’s tubes. The 
ivory tube was the least rigid in all sizes, but like 
the Cole’s tube possessed greater wall thickness. 
The siliconised tube was of intermediate rigidity, 
but had the thinnest walls. 

Excess rigidity may make perforation more 
likely and may, in the long term, cause glottic and 
subglottic damage. Greater wall thickness will 
increase pressure on the cricoid ring for a given 
internal diameter. 

Putative factors increasing the incidence of per- 
foration include rigidity of the tracheal tube, use 
of metal stylets, skill of the intubator, use of 
vigorous external laryngeal pressure during 
intubation, presence of anatomical abnormali- 
ties of trachea and larynx, excessive hyper- 
extension of head and neck during intubation. 
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Table 1. Comparison of Cole, siliconised blue line and ivory blue line tubes 





Wall 
Tube thickness 
Size type (mm) 
2.5 mm i.d. Cole 0.74 
Siliconised 0.50 
blue line 
Ivory blue 0.59 
line 
3.0 mm i.d. Cole 0.72 
Siliconised 0.56 
blue line 
Ivory blue 0.72 
line 
3.5 mm i.d. Cole 0.67 
Siliconised 0.65 
blue line 
Ivory blue 0.81 
line 


Tensile 100% Elongation 
strength modulus at break 
(N/sq m x 10°)* (N/sq mx 10%) points (%) 
29 22.8 150 
20.2 13.3 250 
12.4 8.1 220 
25.9 20.6 170 
19.0 13.8 238 
11.2 7.6 220 
28.2 19.6 220 
19.5 12.7 280 
10.8 6.7 250 


*N/sq m, = Newtons per square metre; i.d. internal diameter of tube. 


There are four previously reported cases of 
tracheal perforation.*~® Two died immediately 
following the perforation*-® with the tips of the 
tracheal tubes outside the trachea in the tissues 
of the neck. A third case’ also died but the report 
does not state whether this was a direct result 
of the tracheal perforation or of other disease 
processes. 

The fourth case® survived tracheal perforation. 
Management included immediate re-intubation 
with a cuffed neonatal tube; the cuff apparently 
controlled the air leak. There was difficulty with 
ventilation in all four cases, and subcutaneous 
emphysema and pneumothoraces following in- 
tubation. None had been intubated with a Cole’s 
tube, and three sets of authors*©8 concluded that 
either excessive force, Magill’s forceps, the nasal 
route or neck hyperextension was the culprit. Our 
case confirms that the neonatal trachea can be 
perforated by modern tracheal tubes even without 
using a stylet and consider the rigidity of the Cole’s 
tube plus the underlying tracheal defect to be the 
important factors. The clinical presentation of the 
perforation was similar to the previously reported 
cases, and the subsequently successful re- 
intubation and control of the air leak was 
important for the successful initial resuscitation. 

Thus, early recognition of tracheal perforation 
may be lifesaving. The diagnosis must be con- 
sidered if difficulty with ventilation and surgical 
emphysema, with or without pneumothoraces, 
appears following intubation. If perforation has 
occurred, the tip of the tracheal tube may lie 


outside the trachea, in the tissues of the media- 
stinum. Withdrawal of the tube to lie within the 
tracheal lumen and placement of the tip below 
the level of the defect is advisable. If re- 
intubation is necessary, it may be more skilfully 
performed by the oral route. 

If these manoeuvres fail then bronchoscopy 
should be considered. If mechanical ventilation 
is required, it should be instituted with the lowest 
pressures possible for acceptable gas exchange. _ 

Large lower tracheal air leaks, as in this case, 
are best corrected surgically. The air leak from 
smaller perforations above the level of the cricoid 
ring may be controlled by correct positioning of 
a tracheal tube or tracheostomy. Broad-spectrum 
antibiotics are recommended in all cases to prevent 
mediastinitis. 
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APPARATUS 


Remote monitoring using an induction loop 


M. J. HARRISON anp E. J. SLATER 


Summary 


An electromagnetic induction loop is used to transmit signals from a pulse and respiration monitor to a 
standard National Health Service hearing aid to facilitate remote monitoring 


Key words 


Monitoring; remote. 


Auditory signals have the distinct advantage that 
they are not directional and can therefore be 
recognised whether the observer is facing the 
monitor or not. They have the disadvantage that 
they are heard by all in the surrounding work 
area; this may not be necessary and can be very 
irritating. 

A system has been designed that allows 
auditory signals to be heard by the monitoring 
personnel alone, up to a preset distance from 
the patient. The principle of inductive loop 
transmission is well established and these devices 
are in common use in schools for the deaf and 
in some churches and public buildings. The 
system comprises a hearing aid fitted with a small 
coil in place of its usual microphone, a facility 
sometimes referred to as the ‘telephone’ (or ‘T’) 
position. If this coil is placed within an area 
surrounded by a much larger coil, then a signal 
current in the larger coil will induce a voltage in 
the pickup coil. Thus, if an audio signal is used 
to generate the current in the transmitting coil 
(or loop) this will be received by the hearing aid, 
amplified, and reproduced in the earpiece. 





Method 


The indicator bulb of a conventional pulse 
monitor is used as the ‘stimulus’ for the system;. 
its activation is detected by a photo-electric device 
attached to its surface. The signal from the device 
is used to turn an audio tone generator on and 
off, which, in turn, is used to drive the trans- 
mitting loop cable (Fig. 1). This tone is amplified 
to a preset level with an automatic gain control 
circuit so as to ensure a constant signal strength 
in the loop area. An audio power amplifier, 
matched to the impedance of the loop wire, is 
used to drive the current. The electromagnetic 





Fig. 1. Schematic diagram of complete remote 
monitoring system. 
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field variation set up by this current is detected 
by a conventional National Health Service hear- 
ing aid with the input switch turned to the 
‘telephone’ (‘T’) position. The pulse signal is used 
to turn on a 1 kHz tone generator, which mimics 
the actual audio output from the pulse monitor. 
This tone burst lasts about 0.5 seconds. 

Representing respiration is more difficult, as 
there is no generally accepted audio system in 
use. We have used a lower frequency tone (c. 300 
Hz, duration 1 second) to signify inhalation. This 
provides a sufficiently different sound that simul- 
* taneous monitoring of pulse and respiration is 
quite simple. Detection of respiration is achieved 
by inserting a thermistor into the breathing 
system, near to the patient’s mouth. 


Discussion 


The system was found to work satisfactorily when 
the area over which the signals were required to 
be heard (Fig. 2) was covered by multiple loops 


Anaesthetic 





Fig. 2. Layout of induction loop in theatre roof space. 


of the induction coil installed in the theatre roof 
space. This produced a signa! level that was more 
consistent and therefore reduced the necessity for 
continual alteration of amplification at the receiv- 
ing end. Signal strength rapidly declined when 
moving out of the area covered by the loop; this 
allows the system to be used in two adjacent 
theatres, since interference is virtually eliminated. 

The power of the transmitted field in this type 
of system is restricted by Home Office regulations 
in the United Kingdom; however, the level of 
signal used is well below the permitted maximum. 
Because of the nature of the signal and its low 
power there is no danger of interference to or 
from other monitoring systems. Although inter- 
action is possible between two adjacent loops, of 


the type described here, careful loop layout and 
power-setting reduces this to a negligible amount. 

The major criticism of this system is that it 
would enable patient monitoring from the ‘coffee 
room’. This is not a practice to be encouraged 
and can be overcome by correct configuration of 
the loop and by presetting the power from the 
loop amplifier. However, the system does allow 
for continued monitoring during routine pro- 
cedures such as preparing drugs in the nearby 
anaesthetic room, and whilst talking to other 
staff, away from the ‘console’ area of the anaes- 
thetic machine. Normal conversation can take 
place whilst listening to the monitors, since the 
ear piece is designed to fit comfortably around 
the pinna of the ear and is not inserted into the 
external auditory canal. Those individuals who 
desire continuous cardiovascular and respiratory 
monitoring will welcome the device, as it enables 
more freedom of movement within the operating 
theatre and anaesthetic room. 

There is, as yet, no standard for auditory 
warnings in intensive care wards or operating 
theatres, but there is a British Standards Institu- 
tion working party on this task. Much work has 
already been documented on the ability of flight 
crews to hear, recognise and act, in a controlled 
yet appropriately urgent manner, to alarms from 
many sources. Some of the recommendations laid 
down by Patterson! are that auditory warning 
sounds should be at least 15 dB above the 
threshold level of the background noise, that 
there should be no more than six immediate- 
action warning sounds and three attensons (i.e. 
attention demanding sounds) and that voice 
warnings should be brief and use a key word 
format. 

The system described is, strictly speaking, not 
an auditory warning system but an auditory 
monitoring system. However, these recom- 
mendations are useful in that further develop- 
ment of this monitoring process could ‘well 
incorporate warnings, either vocal or simple 
alarms, and the general principles regarding noise 
levels and the number of signals must then be 
relevant. The role of the voice in such warnings 
is to eliminate the possibility of confusion. 
Obviously, this is not a problem with only two 
signals, at frequencies of 1 kHz and 300 Hz. 


Reference 
I. PATTERSON RD. Guidelines for auditory warning 
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Forum 
Cryoanalgesia for pain after herniorrhaphy 


R.C. Khiroya, MB, BS, FFARCS, Senior Registrar, Department of Anaesthetics, Charing Cross 
Hospital, Fulham Palace Road, London W6 8RF, H.T. Davenport, MB, FRCP{C), FFARCS, 
Consultant Anaesthetist and J.G. Jones, MD, FFARCS, FRCP, Scientific Staff, MRC, and Hon. 
Consultant Anaesthetist, Clinical Research Centre and Northwick Park Hospital, Watford Road, 
Harrow, Middlesex, HA1 3UJ. 


Summary 

The effect of freezing the ilioinguinal nerve on postoperative pain relief was examined in a double blind study in 
36 patients undergoing herniorrhaphy, randomly allocated into two groups. Patients in the experimental group had 
their ilioinguinal nerves frozen during surgery and were compared with the patients in the control group who did 
not have cryoanalgesia. Pain relief was assessed overa 48-hour period in three ways, namely the linear analogue 
pain scale, peak expiratory flow rates and the amount of analgesic drugs required by patients in the two groups. 
We conclude that cryoanalgesia of the ilioinguinal nerve alone does not produce significant early post her- 


niorrhaphy pain relief. 


Key words 


Pain; postoperative. 
Equipment; cryoprobe. 


Freezing of the ilioinguinal nerve during surgery has 
been described as a satisfactory method for relieving 
the pain after herniorrhaphy.! It is said to be a 
particularly suitable technique for day care patients as 
they needed less analgesic drugs and resumed normal 
activity earlier. When a herniorrhaphy is done under 
local analgesia three nerves must be blocked;? these are 
the iliohypogastric, ilioinguinal and the genitofemoral 
nerves. In view of the claim that cryoanalgesia of the 
ilioinguinal nerve alone is a satisfactory technique, this 
study was undertaken to see if freezing a single nerve 
was, in fact, a satisfactory method of postthernior- 
rhaphy pain relief. 


Method 


The trial was approved by Northwick Park Hospital 
Ethical Committee. All patients studied gave informed 
consent. Patients who were admitted for inguinal hernia 
repair (36 males) took part in the study. The mean age 
of patients in the cryoanalgesia group was 50.8 years 
with a range of 30-74 years and the mean age of the 





control group was 50.6 years with a range of 36-66 
years. The patients were assessed for cardiovascular, 
respiratory, metabolic and central nervous system 
abnormalities. All patients fulfilled the criteria of ASA 
Class I or II. They were randomly allocated to two 
groups, the experimental and the control. The patient 
and the observer did not know to which group the 
patient belonged. Pre-operative peak expiratory flow 
was measured using a Wright’s Mini Peak Flow Meter. 
No pre- or intra-operative analgesics or local anaes- 
thetics were used in order to avoid confusing the assess- 
ment of cryoanalgesia in the immediate postoperative 
period. 

Anaesthesia was induced with sodium thiopentone 
and maintained with oxygen, nitrous oxide and halo- 
thane using a mask and Guedel airway. None of these 
agents have any lasting analgesic effects.?-* 

Hernia repair was carried out in a standard manner. 
At the end of operation, before skin closure, the patients 
in the experimental group had the ilioinguinal nerve 
blocked as follows. The nerve was lifted and hooked 
by the surgeon onto the previously sterilised cryoprobe. 


Correspondence should be addressed to: Dr R.C. Khiroya, Department of Anaesthetics, Charing Cross Hospital, Fulham Palace , 
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No extra dissection was necessary to expose the nerve. 
The nerve was frozen for two periods of one minute 
each, with an interval of 30 seconds in between to allow 
thawing. 

In the recovery ward, when the patient was able to 
cooperate, his pain was scored on the visual linear 
analogue scale which is simple and easy to use.5 Peak 
expiratory flow rate was also measured at this time. 
These measurements were repeated 4 hours and 8 hours 
later on the day of the operation and on the first and 
second postoperative days. 

All the patients who complained of pain were given 
analgesic drugs. These were an injection of pethidine 
if the pain was severe and Distalgesic tablets if it was 
moderate. A record was kept of all analgesic drugs 
administered. 


Results 


The mean pain scores in the experimental (cryo- 
analgesia) and control groups are shown in Fig. 1. The 
maximum pain scores were observed within the first 
4 hours of the operation. Statistically, the difference 
between the two groups was not significant. On the 
second day, the experimental group seemed to have had 
a tendency to less pain, but this difference was again 
not statistically significant. 

The mean reduction in peak expiratory flow (PEF) 
from the pre-operative value is shown in Fig. 2 at 
different time intervals following surgery. Both groups 
showed a similar pattern of response. Although the mean 
PEF was greater in the experimental group, the dif- 
ference was not statistically different in the treated and 
untreated groups at any time. 

The mean number of doses of pethidine and Distal 
gesics for the control group was 1.0 and 3.8 respectively 
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and that for the experimental group was 1.1 and 3.7 
respectively. The amount of pethidine and Distalgesic 
tablets that were required by the patients in the two 
groups is shown in Fig. 3. Again, the difference between 
the two groups was not statistically significant. 


Discussion 


Freezing a nerve, as described in this study, produces 
a reversible nerve lesion of the second degree, according 
to Sunderland’s classification. Absence of damage to 
the nerve and minimal inflammation ensures that re- 
generation of function is complete and occurs at the 
rate of about 1-33 mm per day.”* In theory, therefore, 
it seems to be a suitable technique for postoperative 
pain relief for any operation when a sensory nerve is 
easily accessible, and freezing intercostal nerves has been 
shown to reduce the need for analgesic drugs after 
thoracotomy.® The ilioinguinal nerve is a readily 
accessible nerve which is distributed to the skin over 
the root of the penis and upper part of the scrotum 
in the male and to the skin covering the mons pubis 
and the adjoining part of the labium majus in the fe- 
male.!° The incision for inguinal hernia repair is usually 
made 1 cm above and parallel to the inguinal liga- 
ment. This area is not supplied by the ilioinguinal nerve 
and freezing this nerve alone will have limited effect 
on postoperative pain. 

In our study, no pre- or intra-operative analgesia was 
used. All our patients had the same anaesthetic agents 
and technique and pain was assessed using three different 
methods: resting pain measured with the linear 
analogue scale, a graded painful stimulus and patient 
requirement for analgesic drug. None of these methods 
showed any significant improvement in postoperative 
analgesia in the cryoanalgesia group. 
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e Fig. 1. Histogram of pain scores. The bars represent SE of the mean. O, experimental; W, control. 
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Fig. 2. Histogram of mean reduction in peak flow rate. The bars represent SE of the mean. C, experimental; W, control. 


Wood et al.! concluded that cryoanalgesia of the 
ilioinguinal nerve appeared ‘to be a significant advance 
in postoperative analgesia both for inpatient and for 
day care or short stay patients’. Their use of epidural 
analgesia, using either lignocaine or bupivacaine may 
have influenced their results. Both local anaesthetic 
agents have varying duration of action ranging from 
1-6 hours;!? this effect could have reduced the need 
for analgesia in some of their patients. 

We used peak expiratory flow as an index of pain 
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Fig. 3. Histogram of pethidine and Distalgesics required by the 
two groups. The bars represent SE of the mean. O, experimental; 
E, control. 


relief for the following reasons. It has previously been 
shown!? that vital capacity (VC), forced expiratory 
volume in one second (FEV,) and PEF are all 
reduced to below 80% of the pre-operative value 
following abdominal surgery. This is presumably due 
to the pain associated with the contraction of chest 
wall (rib cage/diaphragm/abdomen) musculature. Each 
of these manoeuvres requires different amounts of 
muscle contraction. For example, the pressure required 
to achieve a maximal value of FEV,» is about 
2.5 kPa, the vital capacity effort ranges from 2.5 to 
—2.5 kPa but the PEF effort may exceed 12.0 kPa.¥9 
There is also a very non-linear relationship between 
pressure (i.e. effort) and FEV, and VC, whereas the 
relationship between effort and PEF is such that this 
test gives much more information about graded ex- 
piratory effort overa very large range of flows. Because 
of the greater muscle contraction in PEF, it is not 
surprising that little improvement in PEF is seen after 
papaveretum!? and that there is a smaller improvement 
in PEF than with VC after nitrous oxide and 
morphine. !* 

This study showed that in the 48-hour period 
following surgery, cryoanalgesia to the ilioinguinal 
nerve alone did not reduce the pain experienced by the 
patients following a hernia repair, neither did it reduce 
the analgesic requirement. This result contrasts with that 
of Wood et al., who used day care patients, epidural 
anaesthesia and a longer follow-up. 
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Epidural buprenorphine for postoperative analgesia. A controlled comparison with epidural morphine. 


J. Wolff, MD, Registrar, P. Carl, MD, Senior Registrar, M.E. Crawford, MD, Senior Registrar, 
Department of Anaesthesia, Esbjerg Central Hospital, 6700 Esbjerg, Denmark. 


Summary 


In a double-blind controlled study, epidural buprenorphine 0.3 mg was compared with 4 mg of epidural morphine for 
postoperative pain relief the first 24 hours after major orthopaedic surgery. The degree of analgesia was equal and satis- 
factory in both groups. Duration of action was 620 minutes with buprenorphine and 580 minutes with morphine, which was 
not significantly different. The only serious side effects were recorded in the morphine group, with two patients complain- 
ing of pruritus and five of urinary retention. In conclusion, epidural buprenorphine did not offer any advantages in pre- 
ference to morphine for postoperative pain relief following orthopaedic surgery. 
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The demonstration of specific opiate receptors in the 
substantia gelatinosa of the spinal cord! and the sub- 
sequent original clinical application,? resulted in a wide- 
spread use of epidural opiates in the treatment of 
chronic and postoperative pain. Although most clinical 


reports deal with the use of epidural morphine chloride, 
other opioids have been investigated.* 

Buprenorphine is a relatively new synthetic opioid, 
with both agonistic and antagonistic properties; high 
receptor affinity and great lipid solubility have been 
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demonstrated.* The present study was undertaken to 
compare the analgesic properties and side effects of 
epidural buprenorphine and morphine in the treatment 
of postoperative pain after orthopaedic surgery on the 
lower extremities. In every case, the morphine used was 
in the form of the hydrochloride. 


Methods 


Forty patients of ASA grades | or 2 and undergoing 
internal fixation of fractures of the lower limbs were 
allocated randomly to one of two groups. All patients 
gave their informed consent pre-operatively and the 
trial was conducted in accordance with the Helsinki I 
Declaration. Patients with chronic consumption of 
analgesics, who were uncooperative or in whom an 
epidural was contraindicated, were not included in the 
study. 

Both groups were premedicated with oral flunitra- 
zepam 1 mg, one hour pre-operatively. Anaesthesia was 
induced with flunitrazepam and maintained with 
nitrous oxide/oxygen, fentanyl and pancuronium. 
Immediately after termination of the operation, a 
lumbar epidural catheter was inserted at the level of 
L,-; and advanced 5 cm into the epidural space in a 
cephalad direction. 

In the recovery room, when analgesia was requested 
by the patient, either 4 mg morphine diluted to 10 ml 
with normal saline (n = 20), or 0.3 mg buprenorphine in 
the same dilution (n= 20) was injected through the 
epidural catheter. When further analgesia was de- 
manded during the next 24 hours, the same dose was 
administered epidurally. Neither the patients nor the 
observer were aware of which opiate was being given 
and no other analgesics were administered during the 
postoperative period. 

Pain intensity was assessed by the patient on a 0-4 
rank scale (0 = no pain; 1 = mild pain; 2 = moderate 
pain; 3 = severe pain; 4 = intolerable pain) before, and 
10, 20, 30 and 60 minutes, after each injection and then 
every 180 minutes or until a further dose was given. The 
reduction in pain score at each observation time after 
injection was calculated as the pain intensity difference 
(PID). The sum of pain intensity difference scores 
(SPID) was calculated by adding the product of each 
post-administration PID and the corresponding time 
interval since the previous observation. 

Arterial blood pressure, heart rate and respiratory 
rate were measured before and 5, 15 and 30 minutes 
after each injection and then every hour during the 
study. Motor function and sensation to touch and 
pinprick were evaluated before and 30 minutes after 
the epidural injection. All subjective and objective side 
effects were registered. All observations were made by 
the same physician. 

Fisher’s test was used for statistical analysis of un- 
wanted side effects and Mann Whitney unpaired rank 
sum test was used for all other data. Significance was 
assigned at a level of 0.05. 
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Results 


Demographic data and total consumption of anaes- 
thetic and muscle relaxant agents preoperatively are 
shown in Table 1. There were no statistically significant 
differences between the groups. The median number of 
injections during the first 24 postoperative hours for 
both groups was 2.0, corresponding to a total median 
consumption of 8 mg morphine and 0.6 mg buprenor- 
phine (Table 2). Duration of analgesia was 580 minutes 
in the morphine group and 620 minutes following bu- 
prenorphine; this difference was not significant. Reduc- 
tion in pain intensity (PID) after 30 minutes and SPID 
are shown in Table 3. No patients required additional 
systemic analgesia. 

No loss of motor function or sensation was found in 
either group. Only minor changes in blood pressure, 
heart rate and respiratory rate were observed. There 
were no instances of respiratory depression. The un- 
wanted side effects are shown in Table 4, and were more 
frequent in the morphine group, although the difference 
was not statistically significant. Pruritus and urinary 
retention were not observed following buprenorphine. 


Table 1. Demographic data and total consumption of 
anaesthetic and musck relaxant agents. Median (range) 


Morphine Buprenor- 
chloride phine Pp 
Sex 10M,10F 1!0M,10F NS 
Age (years) ól 60 NS 
(20-69) (16-69) 
Total dose of 0.9 1.0 NS 
flunitrazepam (mg) (0.4-1.8) (0.4-2.8) 
Total dose of 0.35 0.40 NS 
fentanyl (mg) (0.20-0.80) (0.20-0.80) 


Total dose of 9.0 9.0 NS 
pancuronium (mg) (4-19) (4-14) 


Table 2. Number of injections during the first 24 hours post- 
operatively and total consumption of opiate. Median (range) 


Morphine Buprenor- 
chloride phine P 
Number of 2.0 2.0 NS 
injections (1-5) (1-6) 
Total dose of 8.0 0.60 
opioid (mg) (4-20) (0.3-1.8) 


Table 3. Duration of analgesia, pain intensity difference scores 
(PID), and the sum of pain intensity difference scores (SPID). 


Median (range) 
Morphine Buprenor- 
chloride phine P 
Duration of : 
analgesia 580 620 NS 
(minutes) (30-1440) (30-1440) 
PID 1.90 2.0 NS 
(0.0-4.0} (0.0~4.0) 
SPID 2.60 3.30 NS 
(0.16-9.0)  (0.16—12.0) a 
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Table 4. Number of patients with unwanted side effects 





Morphine Buprenor- 
chloride phine 
Headache I 0 
Nausea 4 3 
Vomiting I 2 
Pruritus 2 0 
Urinary 
retention 5 0 
Mental 
confusion 1 1 
Dizziness 2 2 
Drowsiness 4 4 


There were no other serious side effects requiring treat- 
ment. 


Discussion 


Systemic buprenorphine provides postoperative anal- 
gesia of long duration with only minor unwanted side 
effects.*-° With an assumption of certain theoretical 
advantages, including high receptor affinity and high 
lipid solubility, Rondomanska et a/.,” in an open trial, 
showed that epidural administration of 0.3 mg bupren- 
orphine was safe and effective for postoperative pain 
relief. The duration of action was in excess of 24 hours 
in over half of the patients. Other investigations have 
demonstrated prolonged pre-operative and postopera- 
tive analgesia using buprenorphine 0.3 mg as an 
analgesic supplement to bupivacaine.® In the present 
study, a dose of 0.3 mg buprenorphine was compared 
with 4 mg morphine for postoperative pain relief, to 
confirm the results mentioned above, but in a controlled 
manner. Furthermore, our previous clinical experience 
with long term treatment of chronic pain with epidural 
opiates has shown that a relatively high dose of 
buprenorphine was required to obtain sufficient 
analgesia. 

Our results demonstrated that the quality of anal- 
gesia was equal and satisfactory in both groups. 
The median duration of action of buprenorphine was 
slightly longer than that of morphine but the duration 
of analgesia was only somewhat longer than following 
its parenteral administration. We suspect that systemic 
absorption is therefore the main mode of action. This, 
in fact, may be explained by the high lipid solubility 
and molecular weight of buprenorphine, leading to 
rapid vascular removal and also its low dural perme- 
ability, as suggested by in vitro experiments,’ 

Long duration of pain relief achieved with even 
smaller doses of epidural buprenorphine have been 
reported from other sources.!° However Lanz et al., 
in their investigation, did not find that epidural 
buprenorphine in a dose of 0.15 mg was sufficient for 
postoperative analgesia following orthopaedic surgery. 
On the other hand, with a dose of 0.3 mg, pain relief for 
about 12 hours was achieved. In that study, per- 


operative analgesia was achieved with epidural mepi- 
vacaine or bupivacaine and potentiation by these drugs 
could not be excluded. A somewhat shorter duration of 
analgesia with 0.15 mg buprenorphine was found in 
another comparative study.!? 

Unwanted side effects were more frequent in the 
morphine group, where two cases of pruritus and five 
of urinary retention were recorded. These side effects 
have also frequently been described in other 
studies'*~'* and may be explained by the physico- 
chemical properties of buprenorphine. Early or late 
respiratory depression was not observed in any group. 
In this respect, epidural buprenorphine may possess a 
theoretical advantage compared to morphine, due to its 
high lipid solubility.16 

In conclusion, 0.3 mg buprenorphine administered 
epidurally provided similar analgesic properties when 
compared to 4 mg morphine, and did not offer any 
advantages over morphine for postoperative pain relief 
following orthopaedic surgery. 
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Prognosis in shock 


The study by Dr Cowan (Anaesthesia 1984; 39: 750-5) 
is of substantial interest. However, the conclusion that 
lactic acid has little prognostic value in the prediction 
of outcome is an artifact of the statistical treatment 
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applied to their data and is at variance with firmly 
supported scientific opinion that lactic acid does indeed 


indicate severity and predict outcome. ! 77 


The authors conclude, through the use of dis- 
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fr revision. 


criminant analysis, that absolute values of lactate and 
serial measurements of lactate contribute little to the 
prediction of outcome. Lactic acid was a weak dis- 
criminator when analysed in conjunction with urine 
output, peripheral temperature gradients and changes 
in arterial pressures. This does not, however, mean that 
lactic acid by itself is not a statistically significant 
variable when used to discriminate outcome as a single 
parameter. 

In the data reported by Cowan, whole blood lactate 
declined within 3 hours and continued to decline over 
an interval of 24 hours in survivors. These reductions 
were significant at the p<0.01 level. In contrast, fatal 
cases had either no reduction of lactate or an increase 
in whole blood lactate concentrations between 3 and 
24 hours. These changes paralleled those in mean 
arterial pressure and core-peripheral temperature 
gradients. Urine volumes, however, were significantly 
increased at 3 hours in both the survivors and the non- 
survivors, thereby decreasing the apparent specificity of 
this measure. 

There are two additional considerations that should 
be addressed in the interpretation of the data. The very 
high lactates, referred to as ‘outliers’ by the authors, 
may well have reflected transient lactate increases 
related to chills and physical exertion of patients during 
sepsis. These artefacts of lactate measurement are well 
recognised and can be clinically identified. Moreover, 
the fact that oxygen consumption may be normal or 
even increased during sepsis does not necessarily 
support the assumption of the authors that this would 
militate against anaerobic metabolism. Oxygen con- 
sumption is markedly increased during stress. The issue 
is whether oxygen delivery fulfills the aerobic require- 
ments of the patient. In the case of maximal exercise of 
short duration, marked lactic acidosis is in evidence 
because extreme increases in oxygen consumption still 
do not fulfill tissue requirements for oxygen.® 

Finally, the authors cite two publications in support 
of their conclusion that lactic acid fails as a competent 
predictor of outcome.™!° In the first, Cerra et al.’ 
reported that with lactate increases in the range of 2 
mmol/litre or less, measurement of pyruvate and the 
calculation of the lactate/pyruvate ratio is of value. 
However, even in this study changes in blood lactate 
concentrations accurately reflected eventual outcome in 
patients with septicaemia. Perret and Enrico!® do not 
invalidate lactic acid for estimating prognosis, but point 
to the disproportionately high lactate levels that are 
observed in patients with severe hepatic dysfunction. 

Accordingly, the statement that lactate is useless as a 
predictor of outcome is not appropriately supported by 
this isolated report. 


University of Health Sciences M.H. WEL 
The Chicago Medical School, J.LEAVY 
3333 Green Bay Road, E.C. Rackow 


North Chicago, Illinois 60064 
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A reply 


This is a somewhat belated (for which I apologise) reply 
to the observations made by Dr Weil and his colleagues 
concerning our study published last year. 

The first point concerns ‘the artifact of statistical 
treatment’. Discriminant analysis, as used in this study, 
is an appropriate technique for comparison of the 
relative importance of individual variables. The central 
observation of this study was that, of the four variables 
measured (three of which were routine haemodynamic 
values), lactate proved to be the least important; that 
observation remains secure and unchallenged. We 
accept that this does not mean that lactate when used 
as a single parameter is not a statistically significant 
variable. Indeed, we showed that this was the case. 

We note the speculation of Dr Weil and his colleagues 
concerning the aetiology of the occasional very high 
lactate values, but would point out that these occurred 
in both survivors and non-survivors; physical exertion 
was not observed in our sedated, ventilated patients! We 
doubt the relevance of the analogy between short 
duration, maximal exercise to the complex metabolic 
disturbance of sepsis where abnormalities of lactate 
clearance, not necessarily related to hypoxia, un- 
doubtedly influence blood lactate levels. 

Finally, the main burden of the two supporting pub- 
lications cited by us was that, in certain common clinical 
situations, interpretation of the prognostic significance 
of lactate is difficult. 

To these we may now add two recent studies. Firstly, 
Sprung end his colleagues! were unable to detect « 
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statistically significant difference in pretreatment 
lactate concentrations between survivors and non- 
survivors in a group of patients suffering from septic 
shock. Secondly, Haupt and her colleagues? confirmed 
the difficulty of attributing prognostic significance to 
lactic acidosis in septic patients, some patients with high 
lactate levels showing an ability to increase oxygen 
consumption in response to fluid loading while others 
did not; no difference in outcome was observed between 
the groups. 

Thus, we stand by our original conclusion that, on the 
basis of this study, in shocked, predominantly septic, 
patients, lactate was a relatively unhelpful predictor of 
outcome and we do not appear to be alone in drawing 
this conclusion. 


Department of Surgery, I. McA. LEDINGHAM 
Western Infirmary, 


Glasgow GH 6NT 
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Safe obstetric anaesthesia—just an ideal? 


In my travels as a junior locum anaesthetist, and on one 
occasion as a consultant, I was struck by the variations 
in the practice of obstetric anaesthesia in the United 
Kingdom. Variety is the spice of life and it is generally 
agreed that no two minds think alike. However, when 
accepted safety procedures are sacrificed to local 
convention, or to the convenience or whims of the 
obstetrician, it is a recipe for disaster. Antacid therapy, 
for example, is generally considered to be a prerequisite 
for obstetric anaesthesia, whether regional or general. 
Yet it is often up to the individual anaesthetist to make 
a positive effort to obtain it. Aortocaval compression, 
an experienced obstetrician assured me, is all in the 
minds of the anaesthetist! He only countenanced a right 
lateral tilt. As for the request for a tilt during a journey, 
it merely produced puzzled looks. In one maternity unit, 
cricoid pressure had never been used. 

In many centres, including teaching hospitals, it 
seems impossible to obtain 24-hour skilled help for the 
anaesthetist. A student midwife with little knowledge of 
theatre procedure or location of anaesthetic equipment 
and no experience of cricoid pressure, is often the 
sacrificial lamb. Failed tracheal intubation under such 
circumstances could be catastrophic. Given these 
conditions, discussions on the merits of H, ‘receptor 


antagonists’ seem very academic. An experienced senior 
anaesthetist might accept variations in standard prac- 
tice and he, it is to be hoped, can avoid difficulty. The 
problem arises when the junior anaesthetist is expected 
to follow the leader. Should the junior get into trouble, 
it is easy for others to be wise after the event. Perhaps 
consultant anaesthetists could do more to insist on 
standard safety practices. 

The Report on Confidential Enquiries into Maternal 
Deaths in England and Wales was first published in 
1957. This, and the subsequent triennial reports, have 
profoundly affected obstetric anaesthetic training and 
practice in the United Kingdom. However, it appears 
that the recommendations are not implemented by all 
maternity units. Should there perhaps be an audit of 
anaesthetic practices in every maternity unit? Such an 
audit would reveal any variations that may exist and 
pave the way for a constructive change. Perhaps the 
Obstetric Anaesthetists’ Association could consider 
this? 


Pain Relief Foundation, C. RAMAMOORTHY 
Rice Lane, 
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Abortions among dental personnel exposed to nitrous oxide 


Inhalation-sedation with 35% nitrous oxide in oxygen 
is popular for the management of anxious undergoing 
dental treatment. Dental surgeons and their assistants 
may be exposed to high levels of nitrous oxide during 
inhalation-sedation therapy.' This is most likely if the 
patient is uncooperative.? Exposure to extremely high 
concentrations is not rare.™* A dose-related abortion 
rate in dental personnel was reported by Cohen et al.,* 
who have extensively reviewed this problem. 

Our maxillofacial surgery department has been using 
this technique for several years. Recently, four female 


personnel involved with the technique reported six 
spontaneous abortions out of seven pregnancies during 
a 17-month period. All abortions occurred during the 
first trimester. Investigation of nitrous oxide concentra- 
tions within the treatment rooms involved revealed 
some disturbing findings. In the immediate surround- 
ings of the operator and patient, concentrations 
between [30-400 ppm were measured and, on occasions 
when the patient talked, peak levels of 700 ppm were 
registered. Concentrations up to [35 ppm were also 
registered in the passageway between the two rooms, 


which are continuously used by personnel. All 
measured concentrations were higher than those legally 
permitted for operating theatres in several coun- 
tries—in Denmark and the U.S.A. this is 25 ppm, in 
Yugoslavia 5 ppm. 

It is impossible to be certain that the high nitrous 
oxide concentrations were directly responsible for the 
high incidence of abortions, but there is strong circum- 
stantial evidence for this. We would like to draw the 
potential dangers of this use of nitrous oxide. Where 
inhalation-sedation with nitrous oxide is used, pre- 
cautions should be taken to maintain levels as low as 
physically possible. Effective expired gas extraction 
apparatus for use in this situation has been described.® 
Patients should be discouraged from talking during the 
procedure. Adequate training of personnel is essential. 
Female personnel who wish to become pregnant should 
be given the opportunity not to work in rooms where 
the technique is carried out. 


Department of Anaesthesiology, H.C. SCHUYT 
Academic Medical Centre K. BRAKEL 
of the University of Amsterdam$.G.L.M. OOSTENDORP 
Meibergdreef 9, B.J.M. SCHIPHORST 
1105 AZ Amsterdam, 

The Netherlands 
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Oxygen concentrators 


The report by Dr J.A. Carter and colleagues (Anaes- 
thesia 1985; 40: 560-5) was most interesting. From our 
experience in Chester, with a hospital size oxygen 
concentrator system, I would like to make one or two 
comments. The artificial zeolites that form the 
molecular sieve do not distinguish between the 
molecules of oxygen and argon, while all other gases are 
removed from air. Both oxygen and argon are concen- 
trated. In our experience, the resultant mixture of gases 
does not exceed 95.7% oxygen, 4.3% argon, and less 
than 0.1% nitrogen (all v/v), when the concentrator is 
operating optimally. The highest argon levels found did 
not exceed 5.5%. When the oxygen concentration falls, 
there is a corresponding rise in nitrogen concentration. 
Unless the zeolite used in the ‘Permox’ has unusual 
properties, the suggestion that the maximum oxygen 
concentration obtainable is 99% is misleading. Oxygen 
analysers are susceptible to drift, a major component of 
which are local variations in barometric pressure. An 
uncompensated Taylor Servomex Type 570A para- 
magnetic oxygen analyser was used to operate the 
‘oxygen % out of range’ (that is, the oxygen concen- 
tration has decreased to 92% and may still be declining) 
alarm on the outlet side of the oxygen storage vessel at 
the Countess of Chester Hospital and this produced a 
number of false positives. The indicated concentration 
fluctuated with local atmospheric pressure variations. It 


was noticeable that the opposite condition of over- 
reading bothered us far less! The oxygen concentration 
did not fall below 92.9% and was usually within a few 
tenths of one per cent of 95%. 

The artificial zeolites absorb water, but if the air 
entering the absorption chamber is not dry, there is 
steady deterioration and loss of performance in 
adsorbing nitrogen. The water also has a deleterious 
effect on the molecular sieve material, causing a steady 
attrition. It is preferable to use dry air. 

The actual ‘Permox’ oxygen concentrator unit is 
without mechanical or electrical components, but it 
does need the compressor unit which is electro- 
mechanical. Feilure of the compressor at present 
appears to be the major point of weakness in oxygen 
concentrator systems, particularly if they are run at 
maximum capacity continuously. Cooling for the 
compressor is vitally important and, if inefficient or 
ineffective, leads to breakdown of the system. Inter- 
mittent bursts of use are less likely to cause compressor 
failure. 


Department of Anaesthetics, D. Lusu 
Countess of Chester Hospital, 
Liverpool Road, 


Chester CH2 1BQ 
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Atracorium and vecuronium in emergency eye surgery 


When an unprepared patient presents for emergency 
surgery the risk of aspiration of gastric contents can 
normally be reduced by employing an accelerated 
induction technique, which includes the use of sux- 
amethonium to facilitate rapid intubation of the 
trachea. However, in the patient with a perforating eye 
injury, suxamethonium is contraindicated because it 
causes a rise in intra-ocular pressure (IOP),' with the 
risk of extrusion of intra-ocular contents. Non- 
depolarising muscle relaxants offer an alternative, but 
their slower onset of action lengthens the period of risk 
before the trachea can be intubated. This period can be 
reduced if the relaxant is given prior to induction of 
anaesthesia although the relaxant-induction interval 
must not be so long that the patient becomes aware of 
the onset of paralysis before losing consciousness. An 
interval of 30 seconds has been found to be satisfactory 
in a previous study using fazadinium (R.J.E., in press). 

Atracurium and vecuronium are non-depolarising 
muscle relaxants promoted as having a rapid onset of 
action and suitable for facilitating intubation when 


suxamethonium is contraindicated. It was felt 
therefore, that their potential should be examined to see 
if rapid intubation could be achieved without an 
accompanying rise in IOP. 

Thirty-seven adult patients (ASA class | and 2) 
undergoing routine eye surgery were randomly 
allocated to receive either atracurium or vecuronium. 
Ninety minutes after they had received a standard 
premedication consisting of diazepam 10-15 mg the 
resting intraocular pressures were measured using a 
Perkins applanation tonometer. The allotted muscle 
relaxant was administered through an intravenous in- 
fusion (atracurium 0.6 mg/kg or vecuronium 0.1 mg/kg) 
after pre-oxygenation. These are recommended as 
suitable, and approximately equipotent, doses.? Thirty 
seconds later, anaesthesia was induced with thio- 
pentone $ mg/kg and one minute afterwards the trachea 
was intubated. Intubating conditions were compared 
using a modification of the scale introduced by Lund 
and Stovner.? 

The patient’s lungs were then inflated using a Bain 


Table 1. Comparison of intubating conditions (p<0.05, Chi squared test) 


Intubating conditions 


No reaction 

Movement of cords, no bucking 
Slight bucking 

Severe bucking 


Intubation impossible 


Number of patients 


Atracurium = Vecuronium 
group group 
1 4 
satisfactory 

1 2 
3 5 
3 8 unsatisfactory 
0 0 
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Fig. 1. Mean IOP (SD). (0), Vecuronium; (x), atracurium. 
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s 
system with a mixture of nitrous oxide 4 litres/minute 
and oxygen 2 litres/minute and the IOP was measured 
at one-minute intervals throughout the study period 
of four minutes, after which anaesthesia proceeded 
according to the anaesthetist's normal practice. The 
age, sex, weight and resting IOP of the patients in both 
groups were very similar. Ninety seconds after ad- 
ministration of the relaxants, it was possible to intubate 
all the patients. Reactions to intubation were en- 
countered in some patients in both groups, but 
conditions were significantly (p<0.05) better in the 
atracurium group (Table 1). 

In Fig. 1, the mean IOP (SD) is plotted at one-minute 
intervals throughout the induction sequence. In both 
groups, it fell following induction and was at its highest 
immediately after intubation, at which time it exceeded 
resting values. There was no significant difference 
between the two groups (Student’s t-test). The results 
show that rapid intubation was possible following both 
relaxants, but that when performed within ninety 
seconds of administration, the conditions for in- 
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tubation were not always satisfactory and there was 
sometimes an accompanying rise in IOP. Therefore 
neither drug, when given in the manner described, could 
be recommended for the unprepared patient with a 
perforating eye injury. 


S. MALLAIAH 
R.J. ELTRINGHAM 
D.M. MAGAURAN 


Department of Anaesthetics, 
Gloucestershire Royal Hospital, 
Great Western Road, 
Gloucester 
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Susceptibility to malignant hyperpyrexia 


We are surprised Dr Moxon (Anaesthesia 1985; 40: 
693-5) has taken such a narrow view of the importance 
of the diagnosis of malignant hyperpyrexia sus- 
ceptibility (MHS) in her article. Our unit bas been 
quoted several times so please permit us to comment. 

Case ], With no septic focus, a temperature of 39°C 
with a mixed acidosis and hyperkalaemia, all controlled 
by dantrolene, must indicate a provisional diagnosis of 
MH in this 25-year-old male. The fact that he opted out 
of further investigation is of no great concern, since he 
can be given a Medic Alert medallion stating the likely 
diagnosis. 

But what of his family? It has been well documented. 
that creatine phosphokinase estimations do not help in 
this circumstance!:? so why does Dr Moxon base her 
phenotyping on an outmoded test? Is she suggesting 
that the patients MH was not inherited if the CPK 
values in his family ‘... were apparently normal ...’? 
How would she feel if another case—possibly fatal— 
occurred in an unwarned branch of the proband’s 
family? 


Case 2. Pre-operative pyrexia due to rectal abscess is 


likely to increase with surgery which inevitably 
increases the spread of pyrotoxins with physical 
manipulation. Even with this pyrexia, serum potassium 
was low normal at 3.5 mmol/litre and myoglobinuria 
did not develop. A respiratory acidosis after gallamine 
15 mg with 3% halothane in a Magill attachment is 
hardly surprising. A negative muscle biopsy result is 
therefore fully comprehensible and must be something 
ofa relief to both the patient and other members of his 
family. 

Case 3. If this patient developed an aborted form of 


MH, her presentation of ‘... felt like death ...’ after 
halothane must be unique. Dr Moxon does not give any 
blood gas, serum potassium or urine analysis findings, 
so it would be impossible for any reader of her article 
to have any opinion. This is the type of patient who 
should be considered for muscle biopsy to clear up a 
diagnostic quandary. 

It may be relevant to point out that a hospital 
administration will pay for a proband to be investigated 
in a distant unit if the referring hospital does not have 
the necessary expertise. Dr Moxon’s comment about 
the travel being ‘almost impossible financially’ could 
only refer to secondary family members and not to the 
patient she quotes (Case 3). Furthermore, she in- 
correctly quotes our policy. We always prefer to in- 
vestigate a proband so as to confirm the diagnosis, but 
if the proband dies, or is too young or too ill or refuses 
to attend, we will always accept other family members; 
preference is given to parents, children and siblings who 
carry a 50% probability compared with the proband. 

Anaesthesia for a susceptible patient should be 
straightforward provided trigger agents are not used. 
However, if patients are not investigated, all family 
members must be considered to be at risk, and all family 
members must receive a ‘trigger-free’ anaesthetic. Some 
surgeons and also some anaesthetists are reticent to 
accept MHS patients as reasonable operative risks. Ifa 
patient is shown on testing. to be normal, we believe 
strongly that this patient should be treated as a normal 
individual. In our experience, no ‘normal’ patient who 
has been given trigger agents has subsequently 
developed MH. Comments about patients developing 
suxamethonium spasm have been misquoted andl 


a 
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apparently misinterpreted.? 

Although we regret the soreness resulting from the 
muscle biopsy, we feel the advantages of a precise 
diagnosis far outweigh this temporary inconvenience. 


University Departmeni of Anaesthesia, F.R. ELis 
St James's University Hospital, P. JANE HALSALL 
Leeds, LS97TF 
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A reply 


Thank you for the opportunity to reply to the letter 
from Dr Ellis and Dr Halsall. The purpose of the article 
was not to take a narrow view of the diagnosis of 
malignant hyperpyrexia, but rather to discuss some of 
the problems which continue to arise in a District 
General Hospital, despite the excellence of the service 
given by Dr Ellis and his colleagues in Leeds. 

Case | was a man who had recently come to live to 
live in our area and all his relatives are still 300 miles 
away. The medical staff in that area were given full 
information about his suspected diagnosis, and told of 
his reluctance to go to Leeds. The CPK values of the rest 
of the family were then sent to us and, although no 


further investigations were planned, the relatives were 
all given Medic Alert bracelets. This worry about 
relatives and what information they should be given is 
one of the concerns of this paper. 

The clinical episode in case 2 was very difficult. It was 
a dramatic incident and witnessed by a senior colleague 
who had been present at a proven MH crisis before. She 
too considered that it was a probable MH crisis at the 
time, and the negative biopsy both surprised and 
pleased us but left a diagnostic conundrum. 

With reference to case 3, it is unfortunate that blood 
and urine investigations were not done at the time of the 
reported incident, because junior medical staff saw the 
patient and did not realise the possible significance of 
the symptoms. Her own comment, ‘felt like death’, 
seemed very apt, as it was exactly the phrase used by 
another patient (a proven MH case) to describe the way 
he felt after a halothane anaesthetic. Whilst the hospital 
administration may be willing to pay expenses for the 
patient (and this is not always the case), they would not 
pay for an accompanying relative or friend. A young 
mother with a self-employed husband could still have 
considerable financial problems. 

The advantages of a precise diagnosis are not 
disputed. The presentation of the cases and discussion 
were to highlight some of the associated problems 
encountered by patients, relatives and their anaes- 
thetists. 


Department of Anaesthetics, M.A. Moxon 
Royal Berkshire Hospital, 

London Road, 

Reading, 


Berkshire RGI 54AN 


Tracheal tube obstruction by prominent sortic knuckle 


Having recently read with interest Dr Sapsford and Dr 
Snowdon’s case report (Anaesthesia 1985; 40: 5524) 
which suggested a prominent aortic knuckle as an extra- 
luminal cause of tracheal tube obstruction, we would 
like to describe a similar case we recently encountered. 

An 86-year-old man with ischaemic heart disease 
and moderate chronic obstructive airways disease 
had undergone a 3-hour laparotomy for resection 
of large bowel and fashioning of a colostomy 
(following a diagnosis of strangulated femoral 
hernia). Anaesthesia was uneventful and, in par- 
ticular, no ventilatory problems were encountered. 
Intermittent positive pressure ventilation (PPV) was 
through a 9.0 mm cuffed Portex disposable tracheal 
tube. Neostigmine and atropine were administered at 
the end of the procedure, to reverse muscle paralysis and 
the patient was turned to the right lateral position prior 
to extubation. Two events took place: ventilation of the 
lungs was difficult, manual ventilation using a a Bain 
System with 100% oxygen resulted in little air entry to 


the lungs, and supraventricular tachycardia (SVT) had 
developed. 

It was decided to re-institute muscle relaxation (using 
vecuronium) with a view to continued ventilatory care 
postoperatively. When the patient was turned to the 
supine position, the difficulty with ventilation dis- 
appeared completely. Verapamil was administered to 
treat the SVT. The patient was now stable and spon- 
taneous ventilation was adequate, so a reappraisal of 
the situation was made. The pre-operative chest X ray 
showed an almost identical picture to that in the afore- 
mentioned article; the trachea was deviated to the right 
and its diameter reduced at the level of a prominent 
aortic knuckle. We noted that if the tracheal tube was 
advanced about 2 cm, ventilation became difficult; also, 
if the patient’s head was turned to the right, a similar 
difficulty ensued. 

Flexible bronchoscopy demonstrated a marked in- 
dentation in the tracheal wall to the left, and prominent 
transmitted pulsation was noted. The left main 


à 


bronchus could not be seen until the flexible 
bronchoscope tip was manocuvred past the obstruc- 
tion. IPPV was continued rather than reversal of muscle 
relaxation (in view of the previous episode of SVT). 
Difficulty with tracheal suction was also a problem 
during the postoperative ventilatory period: manipula- 
tion of the tracheal tube, and the patient’s head, 
were necessary in order to manoeuvre the suction 
catheter past the obstruction. 

Dr Sapsford and Dr Snowdon did not bronchoscope 
their patient for justifiable reasons. Our case, however, 
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backs up their theory that the aortic knuckle can indeed 
cause a significant degree of extrinsic tracheal compres- 
sion. Their suggestion that ‘when in doubt take it out’ 
we feel was not wholly applicable in this case, where the 
problem did not manifest itself until 3 hours after 
intubation. 


J. MARTIN 
B. HUTCHISON 


Department of Anaesthesia, 
Ninewells Hospital, 
Dundee DDI 9SY 


Local analgesic convulsions and epidural analgesia for Caesarean section 


The recent article by Thompson et al. (Anaesthesia 
1985; 40: 427-32) was most interesting, since it attempts 
to put on a scientific basis a clinical problem which faces 
obstetric anaesthetists with increasing frequency; that 
is, the provision of regional analgesia for Caesarean 
section without the risk of toxic effects in the mother or 
her fetus from the local anaesthetic. The authors used 
four variations on an incremental theme (three of these 
were in elective and the fourth was in emergency 
Caesarean section patients). Probably, all these 
techniques are in common clinical use. Despite this, in 
35% of patients (11 out of 31) in two of the elective 
groups, the dose required exceeded the manufacturer’s 
recommended safe limit and blood bupivacaine levels 
were above the accepted threshold for toxic effects in 
77% (34 out of 44) of estimations in the emergency 
group. 

It is clear from these figures, and this will hardly 
surprise most practising obstetric anaesthetists, that the 
dimensions and complexity of the epidural space are 
such that in obstetric patients it is not always easy to 
obtain satisfactory analgesia for Caesarean section by 
injection through an epidural catheter. Successful 
analgesia can often be achieved in re 
calcitrant cases by exceeding and the manufacturer's 
recommended safe dosage of bupivacaine and, while 
such a technique has been advocated,! the risks of doing 
so have been highlighted by the recent description of 
convulsions resulting from local analgesic overdose in 
two patients.? These two cases were reported from one 
hospital, so it would be very surprising if others had not 
occurred. 

If toxic reactions, or even fatalities, are to be avoided 
in the future, safer alternatives must be employed than 
the simple injection of incremental doses of a local 
anaesthetic through the epidural catheter at one point 
in the epidural space. Apart from recourse to general 
anaesthesia, an alternative which not only introduces 
additional hazards but is usually a great disappoint- 
ment to the patient, there are three alternative regional 
anaesthetic techniques which may be used. 

The epidural catheter may be withdrawn slightly or 
another catheter inserted at a more cephalic lumbar 
interspace. This somewhat empirical approach is some- 


times successful for extending an epidural block, but 
may require a potentially dangerous volume of local 
analgesic if the toxic dose has already nearly been 
reached. This is not a particularly safe alternative, since 
it may not always be effective. 

A thoracic epidural catheter may be inserted. Most 
epidural blocks for Caesarean section that are in- 
adequate, are so because the block is not high enough. 
The insertion of a catheter in the middle of the un- 
blocked area, for example at the Ts -9 or Ts- 10o inter- 
spaces, reliably completes the analgesia with as small a 
volume of local anaesthetic solution as 5—6 ml. 

A subarachnoid block may be substituted. The 
volume of local analgesic required is 30 small as to have 
virtually no effect on the plasma level. The spinal 
method is preferred when the extent of the block 
provided by the lumbar epidural is so limited or patchy 
that it seems unlikely that the required analgesia can be 
achieved with a small dose of local analgesic in the 
thoracic epidural space. Hypotension is less marked 
than when spinal analgesia is used alone, because 
sympathetic blockade has already been induced to a 
considerable extent by the epidural blocks. 

It should be possible, with these alternatives in mind, 
to provide effective regional analgesia for almost any 
Caesarean section without transgressing the recom- 
mended safe dose of local analgesic, and obstetric 
anaesthetists should be able to perform these alternative 
techniques. 


Maternity Department, L.E.S. CARRIE 
John Radcliffe Hospital, 

Headington, 

Oxford, 


OX3 9DU 
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A reply 


In view of these comments on the methods used in our 
study we emphasise the success of one technique in 
avoiding toxic bupivacaine levels. In no patient, who 
received incremental top ups at 20-minute intervals, was 
the manufacturer’s recommended upper limit of dosage 
exceeded, nor were toxic plasma levels found. 

We would agree with the author that there is room for 


improvement in epidural techniques and welcome his 
alternative suggestions, however, we have found that 
the majority of recalcitrant patients accept with relief 
the suggestion of general anaesthesia. 


C.M. WILSON 
J. Moore 


Department of Anaesthetics, 
The Queen's University of Belfast, 
Northern Ireland 


An alternative to Allen’s test 


Allen’s test, to demonstrate the patency of the ulnar 
collateral blood supply of the hand, is well established 
as a precautionary measure prior to the insertion of a 
radial arterial line. The patient should be awake and 
cooperative enough to make and to release a clenched 
fist for this test to be adequate. However, most acutely 
ill patients admitted to the intensive care unit or 
operating room are not able to perform this simple 
manoeuvre. These patients are usually in most need of 
direct arterial monitoring, so radial cannulae may be 
inserted without a check of the patency of the ulnar 
collateral circulation. 

It is passible quickly to check the patency of the ulnar 
collateral circulation in the unconscious patient with a 
pulse meter, preferably one which displays a trace on an 
oscilloscope. The pulse detector is placed on the thumb 


of the hand which is chosen for radial arterial cannula- 
tion, and the gain is adjusted on the pulse monitor, so 
that a satisfactory trace is displayed on the oscilloscope. 
Both radial and ulnar arteries are compressed at the 
wrist. The trace will go flat. When the pressure on the 
ulnar artery is released, the trace reappears if the ulnar 
artery is patent. Failure to demonstrate an ulnar trace 
suggests that the ulnar collateral circulation is in- 
adequate, and that another site be chosen for arterial 
cannulation. 


Royal Preston Hospital, P.W. DUNCAN 
P.O. Box 66, 
Sharoe Green Lane, 


Preston PR2 4HT 


Petechial rashes and automatic blood pressure measurement 


The recent case described by de Silva and Mostafa 
(Anaesthesia 1985; 40: 817) in which a petechial rash in 
the elbow followed the use of a Dinamap blood pressure 
machine raises an important point of management. We 
have had one case in which the entire forearm developed 
a petechial rash in a fit 40-year-old woman undergoing 
elective urological surgery without evidence of a co- 
agulation or platelet disorder. We believe that in this 
case, the problem occurred because of the repeated 
cycling of the machine to search for a high systolic 
pressure without full cuff deflation. A quite separate 
problem has occurred in ITU, where there has been a 
spate of presumably traumatic purpura on the skin 
directly underneath the inflating cuff. All these cases 
have occurred with machines other than the one used by 
de Silva. The incidence in ITU is less than 5%, but 
appears to be more common in the obese arm and when 
high inflation pressures have to be used. There is no 


evidence that patients with bleeding disorders, which 
constitute a significant input into this unit, are more 
prone to this problem than any other. To minimise its 
development, we employ a regular change of cuff from 
arm to arm and a Tubigrip sleeve placed under the 
inflation cuff. It is difficult at this stage to know the 
success of such manoeuvres. We believe all these 
problems are due to the sustained inflation of the 
tourniquet for too long a period when a high systolic 
pressure is sought. The problem needs a fuller evalua- 
tion, but manufacturers should take note of an 
additional safeguard we believe should be introduced 
into all these machines. 


B.J. NICHOLLS 
D.W. RYAN 


Department of Anaesthesia, 
Freeman Hospital, 
Newcastle upon Tyne, NE7 7DN 


Epidural meptazinol 


Following a recent report claiming success with the use 
of extradural meptazinol,' we wish to present our own 
findings. 

* Our study was designed to assess the efficacy and 


safety of extradurally administered meptazinol fol- 
lowing Caesarean section. The trial was conducted in an 
open fashion, the mothers being randomly assigned to 
receive either epidural meptazinol 30 mg or intra- 
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muscular papaveretum as a control. Standard exclusion 
criteria were applied and all mothers gave informed 
consent. Caesarean section was carried out under 
epidural anaesthesia using an incremental technique.? 
Meptazinol was administered at the time of skin 
closure. Controls received papaveretum as requested. 

Respiratory function was continuously monitored 
over the following 12 hours by means of a specially 
developed impedance pneumograph,? which, in un- 
published work, has been shown to be accurate (less 
than 10% error) for short and long term work. Breath- 
by-breath impedance data is analysed in real time by a 
microcomputer, to give mean tidal and minute volumes 
every 30 seconds and 5 minutes. The respiratory rate is 
also continuously analysed, and periods of apnoea and 
bradypnoea are registered and counted. Every 5 
minutes the averaged tidal volume, respiratory rate, 
apnoea and bradypnoea counts are saved to floppy disc 
for later analysis. 

The first four patients were controls. The mean 
minute volumes varied considerably, but no episodes of 
apnoea or bradypnoea were detected, no side effects 
were encountered and all the patients reported good or 
very good analgesia by verbal rating score. Patients five 
to seven received epidural meptazinol. Patient five 
reported severe itching by 9 hours, but good analgesia. 
Two brief periods of bradypnoea were also detected at 
7 hours after injection. Patient six suffered severe 
nausea and vomiting at one hour which responded 
poorly to anti-emetics. Her pain relief was rated as fair. 
Patient seven experienced poor pain relief and at 4 hours 
developed severe nausea, dizziness and sweating. Her 
blood pressure rose from 130/80 to 155/105 mmHg. She 
developed peripheral oedema and had difficulty breath- 
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ing. She was given sympomatic treatment and was with- 
drawn from the trial. The side effects lasted for about 
half an hour. In view of these poor results the trial was 
abandoned and one further patient was given mep- 
tazinol. This eighth patient reported only fair analgesia, 
and at abour 4 hours suffered severe nausea and 
vomiting. She had two periods of bradypnoea at 3 
hours. Patients five, six and eight each required a 
supplemental parenteral dose of meptazino] at between 
3 and 4 hours from the end of surgery. The duration of 
analgesia in the control group ranged from 2.5 to 13 
hours, and in the meptazinol group from 3 to 4 hours. 

Two obvious conclusions can be drawn although our 
group is not a statistically valid population. Firstly, we 
failed to produce adequate analgesia with epidural 
meptazinol and secondly, the incidence of serious side 
effects was far too high. In view of these findings, we feel 
that the use of meptazinol by the epidural route should 
be actively discouraged, and the drug not licensed for 
this use. 


The Birmingham Maternity Hospital, R.I. FRANCIS 
Birmingham, B15 2TG A.S. LOCKHART 
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Non vagolytic anaesthetic sequence—sinus arrest 


We note with interest the letters of Dr Macrae and Dr 
May on the subject of bradydysrhythmias during 
anaesthesia, when vecuronium is used. (Anaesthesia 
1985; 40: 710). Sinus arrest has also occurred in two 
previously reported incidents.':? We consider that these 
reports are important, both as a warning to other users 
of a common ansesthetic technique and so that in the 
longterm any common factors in these cases can be 
firmly established. We would like to report a further two 
cases of transient sinus arrest which have occurred when 
vecuronium was in use. 

Case 1. A 70-year-old asthmatic lady on 5 mg 
prednisolone a day and Intai was anaesthetised for 
elective cholecystectomy. Pre-operatively she received 
aminophylline suppositories, hydrocortisone 100 mg, 
promethazine 25mg and pethidine 50 mg as pre- 
medication. Tracheal intubation was uneventful and 
anaesthesia was maintained with nitrous oxide, oxygen 
and halothane. Five mg vecuronium was given after 
transfer into theatre and recovery from sux- 
amethonium. Fifteen minutes later, while the hiatus was 


being examined for hernia by the surgeon, bradycardia 
was followed by sinus arrest. Nitrous oxide and 
halothane were discontinued and oxygen flow increased 
to 8 litres/minute; 0.6 atropine was given intravenously 
and cardiac massage was instituted with manual 
ventilation of the lung. ECG showed regular complexes 
again after about 10 massage beats and systolic blood 
pressure was 130 mmHg. The remainder of the opera- 
tion and recovery period were uneventful. 

Case 2. An unpremedicated, previously fit, 19-year- 
old girl was given a general anaesthetic for emergency 
appendicectomy. Following pre-oxygenation for 
3 minutes, anaesthesia was induced with thiopentone 
275 mg and after relaxation with 100 mg sux- 
amethonium, a cuffed orotracheal tube was inserted 
under cricoid pressure. Nitrous oxide, oxygen and 
halothane were used to maintain anaesthesia. The 
patient was transferred into theatre and connected to a 
ventilator and ECG monitor. Signs of recovery from 
suxamethonium were evident and vecuronium 6 mg and 
papaveretum 10 mg were given intravenously a 
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boluses. Surgery had not yet commenced. A few seconds 
after this, attention was drawn to a flat ECG tracing by 
the alarm, several seconds of asystole were followed by 
the spontaneous appearance of isolated normal 
complexes, then by sinus bradycardia of about 20 beats/ 
minute of sinus rhythm, which responded promptly to 
atropine. The patient’s colour remained satisfactory 
throughout and the operation was commenced, and 
completed, uneventfully and included a further incre- 
ment of 2 mg vecuronium. 

Minor bradycardias, rate under 50/minute, are 
probably seen frequently by regular users of vecur- 
onium. An early study noted [0 cases out of 200, about 
20 minutes after administration of the drug.> Severe 
bradydysrhythmias have been observed in nine cases 
during eight consecutive operating sessions for eye 
surgery.‘ A similar pattern of response is emerging with 
atracurium, 19 cases out of 626 cases in one series,> and 
in nine out of 68 cases in another.® In addition, there 
have been four cases reported of severe bradycardia’ 
and two cases of asytole for 15 seconds during 
gynaecological surgery.® 

We admit that in none of these reports is there any 
evidence that bradydysrhythmias were directly 
attributable to the neuromuscular relaxants in a 
pharmacological sense. The contributory factors were 
the use of halothane and opiates and the effects of vagal 
stimulation in the absence of anticholinergic drugs. Our 
first patient was receiving halothane and the vagus was 
being stimulated at the time. In the second case, 
halothane and papaveretum had been administered and 
as postulated in a recent report,? a Valsalva effect 
during the recovery of muscle tone and during inter- 
mittent positive pressure ventilation of the lungs is a 
possibility. 

The blamelessness of the new neuromuscular blockers 
in causation of these bradydysrhythmias is perhaps in 
a certain sense irrelevant; the important fact remains 
that bradydysrhythmias are occurring during surgery 
with common anaesthetic techniques (including en- 
flurane and isoflurane anaesthetics,>*:9—!! when the 
non vagolytic atracurium and vecuronium are used as 


neuromuscular blockers. The complete cardiac ‘clean- 
liness’ of the new drugs is thus a disadvantage. There is 
debate about the significance of even fairly extreme 
bradycardia when the patient appears othe-wise well, 
but most anaesthetists will probably agree that 
complete asystole is thoroughly undesirable. Since there 
is no way at present of distinguishing those patients who 
are susceptible to bradycardia, nor those few who 
progress to sinus arrest, then perhaps as suggested by 
Dr May and others, an anticholinergic agent should be 
routinely employed when using vecuronium or atra- 
curium. 

Finally, is it possible that while the neuromuscular 
blockers have no direct cardiac action, they act to make 
some invididuals more susceptible to vagal or para- 
sympathomimetic activity? 


M. HIGGINS 
J.M. THORP 


Anaesthetic Department, 
Monklands District General Hospital, 
Airdrie ML6 OJS 
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More on combined subarachnoid and epidural techniques 


Recent publication on this technique’ prompts me to 
report a very interesting phenomenon one may en- 
counter when this technique is undertaken. The tech- 
nique suggested by Coates? and later modified by 
Nickalis and Dennison? for obstetrics, lower ab- 
dominal, perineal and lower extremity operations is 
used. The epidural space is located by the loss of re- 
sistance to air and a spinal block is performed with a 26 
SWG needle. Later, when the epidural catheter is 
threaded, a minute quantity of clear, or slightly red- 
tinged fluid sometimes comes back through the 
‘catheter. An aspiration test from the catheter has 


always been negative. Whenever this leakage happens, 
the expected level of anaesthesia is not achieved. On the 
majority of occasions, after careful observation, the 
block was extended with an epidural injection. No 
untoward incident has been observed after epidural 
dose. 

The source of this minute quantity of fluid is either 
cerebrospinal fluid or local anaesthetic agent. There has 
been no incident or very high block or of spinal head- 
ache and, since an epidural injection extended the block, 
one suspects that the minute quantity of fluid is anaes- 
thetic agent. Local anaesthetic may be deposited in the 
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epidural space if the spinal needle has travelled too far, 
out through the dura, or as a result of movement of the 
needle in and out of the dura during the period of 
injection. There is a theoretical possibility that the 
catheter might enter the intrathecal space through the 
hole made in the dura by the spinal needle, but this has 
not been reported. The above evidence is in the favour 
of fluid being local anaesthetic agent. 

It is concluded that drip back of fluid may be en- 
countered in the combined spinal and epidural catheter 
technique occasionally. It should not cause alarm and 
aspiration should be performed before an epidural drug 
is given to extend the block, if this is required. 
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Accidental disconnexton following inactivation of Servoventilator alarm 


We wish to draw attention to the dangerous practice of 
adjusting the lower limit of the expired minute volume 
alarm to zero on the 900 series Servoventilators. This 
inactivates the loud alarm which provides warning of 
disconnexion and, if staff are tempted to cancel it in this 
way, it is silenced permanently. We are aware of two 
patients who, because of this practice, were rendered 
sufficiently hypoxic to develop bradycardia following 
accidental! disconnexion. Each incident followed pro- 
longed chest physiotherapy by experienced intensive 
care staff, during which the lower alarm limit control 
was set to zero. The patient was insecurely connected to 
the ventilator after physiotherapy and disconnexion fol- 
lowed. Hypoxia and bradycardia were corrected after 
reconnexion and no permanent damage ensued. 
Deliberate inactivation of alarm systems is a well 
recognised problem;'? nevertheless, discussion with 
colleagues suggests that specific measures to prevent 
this are rarely employed. The Siemens ventilator 
manual clearly describes the function of the lower alarm 
limit but the hazard of a zero setting is not emphasised. 
There is, however, a warning light on the console to 
indicate that the alarm is effectively inactivated, but a 
small flashing light can easily go unnoticed in a busy 
ward. Siemens Ltd have stated that they encounter this 
difficulty only rarely and they are confident that most 
users are aware of the problem. The two incidents 
described here, however, suggest this is not always the 


case. Nurses are trained to use the 2-minute delay 
button during physiotherapy, but it is unrealistic to 
expect this rule to be followed invariably. Disconnexion 
does occur and the presence of a silenced alarm is 
especially hazardous since it gives a false sense of 
security. Ideally, it should be impossible permanently to 
inactivate an alarm when the ventilator is in use. 

The solution which we have adopted for all our 
Servoventilators is to incorporate a ‘stop’ which 
prevents the lower alarm limit being set to zero. We 
understand that Siemens have similarly modified a few 
ventilators on request. We believe that, in the interests 
of patient safety, this modification should be univer- 
sally adopted. 


Department of Anaesthesia, M.R.J. Sury 
St Bartholomew's Hospital, C.J. Hinps 
West Smithfield, M. BOUSTRED 


London ECIA 7BE 
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Tonsillar enlargement and palatal surgery 


A recent report of airway obstruction after cleft palate 
surgery in a child with Pierre Robin syndrome! prompts 
are to report a similar, but potentially more common, 
problem that I encountered recently. 

The patient was a 5-year-old child who, 4 years after 
a repair for cleft palate, was noted to have a posterior 
palatal fistula and was scheduled for closure of the 
fistula and lengthening of the soft palate. He was known 
to have beta thalassaemia trait and was rather small for 
his age (16 kg), but further examination was normal. He 


was seen pre-operatively and noted to be free from any 
upper respiratory tract infection. 

An uneventful inhalational induction with oxygen, 
nitrous oxide and enflurane, tracheal intubation with a 
size 5 mm Oxford tracheal tube, facilitated by sux- 
amethonium [2.5 mg, was followed by maintenance of 
anaesthesia with enflurane in oxygen and nitrous oxide. 
The surgeon was surprised, at the end of the operation, 
to find that the repair of the palate had brought the 
enlarged tonsils into complete approximation in the 
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midline. Indeed, the oral airway was restricted to a small 
slit above the tracheal tube. Formal adenotonsillectomy 
is contraindicated, since it removes the site of superior 
contact of the surgically repaired palate and prevents 
velopharyngeal closure. This velopharyngeal in- 
competence significantly impairs normal speech 
development and cannot be overcome through training 
or exercises. The surgeon elected to pass a large stitch 
through the substance of the tonsils and suture them 
laterally to enlarge the oral airway. It was decided, after 
discussion between the anaesthetist and surgeon, to 
leave the tracheal tube in place overnight to allow time 
for the swelling and operative bleeding to settle. No 
attempt was made to insert a nasal airway because of the 
risk of disruption of the surgical repair and hae- 
morrhage. The following day, the child was given 
halothane anaesthesia to remove the tonsillar sutures 
and the trachea was extubated under direct vision. The 
airway, though still restricted, was judged to be 
adequate and he maintained satisfactory gas exchange 
whilst breathing humidified oxygen through his mouth 


until his full recovery. 

One should always be careful to examine for tonsillar 
enlargement in children about to undergo palatal 
surgery, since recognition of a potential problem is the 
best way of preventing complications. Alternatives to 
our management include the elective use of a naso- 
tracheal tube which could be withdrawn post- 
operatively to provide a nasopharyngeal airway. 
Surgery could also be postponed until either the tonsils 
shrink or a limited tonsillectomy has been performed. 
Department of Anaesthesia, B.C. SELLICK 
St George’s Hospital, 

Blackshaw Road, 
London SW17 OQT 
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Anaesthesia in myopathy of carnitine deficiency 


The rare association of carnitine deficiency with lipid 
storage myopathy has recently been described.':? 

Carnitine is an enzyme which facilitates oxidation of 
long chain free fatty acids by promoting their transport 
into mitochondria. Clinically, two distinct entities are 
seen:? a myopathic form with muscle weakness and a 
systemic form which additionally is characterised by 
recurrent hepatic encephalopathy. Most patients die 
early in life from respiratory insufficiency or from con- 
gestive heart failure secondary to cardiomyopathy. 
Treatment with oral carnitine or high dose steroids may 
be effective. Anaesthetic experience with this devastat- 
ing multisystem disease is limited. One reported case has 
come to our attention.? This involved a child with 
carnitine deficiency who suffered had massive 
rhabdomyolysis and cardiac arrest following general 
anaesthesia. 

We report an ecight-month-old infant with the 
myopathic form of carnitine deficiency, who underwent 
general anaesthesia for tracheostomy. Since age 5 
months he suffered from recurrent pneumonia, which 
required repeated and prolonged tracheal intubation 
because of respiratory insufficiency. Anaesthesia was 
induced and maintained with 50% nitrous oxide in 
oxygen and I-1.5% halothane. Ventilation was assisted 
manually using the Jackson-Rees modification of the 
Ayre’s T-piece. Muscle relaxants were not used because 
of their unpredictable action in patients with myo- 
pathies. Patients with carnitine deficiency are largely 
dependent on glucose for energy production, and we 
therefore administered intravenous 5% dextrose in 


0.45% saline continuously throughout the procedure, 
which lasted 40 minutes. Heart rate remained stable at 
120-140 beats/minute, and blood pressure, measured 
by a Doppler detector, ranged between 80/50 and 
60/40 mmHg. Rectal temperature was maintained 
between 36.4 and 36.2°C. The infant awoke at the end 
of the procedure whil breathing 100% oxygen and his 
condition was satisfactory. His postoperative course 
was uneventful. 

In contradistinction to the only previously reported 
case of general anaesthesia in a patient with car- 
nitine deficiency, which had a disastrous outcome, we 
have found that the administration of nitrous oxide and 
oxygen with halothane in this infant was well tolerated. 


Department of Anaesthesia, B. BEILIN 
PO Box 24035, D. SHULMAN 
Hadassah University Hospital, Y. SCHIFFMAN 


Mount Scopus, 
Jerusalem, 
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Atracurium and McArdle’s disease 


McArdle’s disease, glycogenosis V, is a hereditary 
myopathy caused by a deficiency of the muscle phos- 
phorylase which converts glycogen to lactate. Glycogen 
therefore accumulates in the muscles and patients suffer 
from pain on exercise, relieved by rest. Myoglobinuria 
may occur after severe exercise and, rarely, this may 
precipitate renal failure.! 

A 4year-old boy (weight 18.2 kg) who had been 
diagnosed as a probable case of McArdle’s disease was 
presented for adenoidectomy. He had a history of 
cramp-like pains in his legs on exertion, and recurrent 
chest infections. On examination he had pseudo- 
hypertrophy of the calves, but no other abnormalities. 
His serum creatine phosphokinase (CPK) was raised at 
298 iu/litre (norma! 1-130 iu/litre). He was considered 
too young, as yet, to undergo confirmatory muscle 
biopsy. His elder sister, aged 10 years, had presented 
with similar symptoms accompanied by mild pes cavus 
and clumsiness of gait. Her CPK was 1500 iu/litre. Two 
other siblings had died, one aged 7 weeks and one aged 
5 months, of infective episodes. 

In this disease it is recommended that suxameth- 
onium be avoided,? because it may cause myoglobin- 
aemia and myoglobinuria with the risk of renal failure. 
Therefore atracurium was used as the muscle relaxant 
in this case, since its length of action is suitable for 
adenoidectomy. Premedication was with trimeprazine 
tartrate 36 mg orally 2 hours pre-operatively. Anaes- 
thesia was induced with thiopentone 100 mg and atra- 


curium 10 mg was then administered. Following intuba- 
tion of the trachea, anaesthesia was maintained with 
nitrous oxide 70% in oxygen and fentanyl 20 ug. 
Neuromuscular blockade was reversed with neo- 
stigmine and atropine at the end of the procedure, 20 
minutes later. 

Venous blood was taken to monitor serum potassium 
and CPK immediately after induction, 10 minutes after 
induction, and the next morning (24 hours later). There 
was a slight rise in potassium by the end of the pro- 
cedure, but nct to dangerous levels. The CPK tended to 
fall over the observation period, although all samples 
were within tne normal range. Urine was tested post- 
operatively and at 24 hours for myoglobinuria. None 
was found. 

Atracurium would therefore seem to be a safe agent 
to use to produce neuromuscular relaxation for short 
procedures ir a patient with McArdle’s disease. 


A. RAJAH 
CHRISTINE F. BELL 
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Difficult tracheal intubation 


Dr Tomlinson (Anaesthesia 1985; 40: 496-7) uses a 60- 
cm gum elastic introducer (Eschmann) to intubate 
tracheas that cannot be seen. There are three ways to tell 
if the introducer is in the trachea. The tracheal rings 
may be felt as the introducer slides in. The introducer 
is held up once small bronchi are reached, whereas if the 
oesophagus is intubated all 60 cm can be inserted (this 
idea should be attributed to Professor F. Cheney, 


University of Washington, Seattle). Thirdly, the patient 
may cough, if the introducer is in the trachea and anaes- 
thesia is not profound. 


W.F.S. SELLERS 
G.W. JONES 


Bristol Maternity Hospital, 
Southwell Street, 
Bristol, BS2 8EG 


Recovery? 


Dr R.D. Stark’s description of the bullseye walking test, 
(Anaesthesia 1985; 40: 822), prompts me to suggest that 
patients might spontaneously generate the information 
that we really require. 

The various anaesthetic mixtures used for patients 
undergoing termination of pregnancy at Lewisham 
Hospital on the 09.00 hours list result in some degree of 
postoperative somnolence. Typically, the patients lunch 
at 12.30 hours, dress before 14.00 hours and leave by 
14.30 hours. If intermittent thiopentone is used these 


times are extended by up to 2 hours. When propofol was 
evaluated he patients we complaining that they were 
hungry at 12.00 hours and were all ready to leave by 
13.00 hours! 

Patients who spontaneously get up, eat and dress 
provide the indicator of street fitness that we really 
need. 

Lewisham Hospital, J.M. CuNDY 
London, SF13 6LH 
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Audiovisual reviews 


An introduction to medical statistics 94 
Oxford Educational Resources Ltd. (Tapeslide 
lectures) 

CPR for heartsavers 95 
Laerdal Medical Limited (VHS  Videocas- 
sette) 

CPR for citizens 95 
Laerdal Medical Limited (VHS  Videocas- 


sette) 


An introduction to medical statistics 


L.A. GOLDSTONE (Newcastle University). Tapeslide 
lectures. Buy from Oxford Educational Resources Ltd., 
197 Botley Road, Oxford, OX2 0HE. 


This series of tapeslide lectures is intended to provide an 
introduction to medical statistics and the first four parts 
(part two is divided into two lectures) of the series 
considered in this review develop the subject as far as 
measures of spread. The series is very suitable for those 
with no previous knowledge of the subject but the 
treatment is very thorough and includes relevant topics 
not usually encountered in introductions to medical 
statistics. The pace is deliberately slow, and the 
algebraic content is introduced gradually and clearly 
with a steady progression from the use of numbers to 
the use of symbols. The use of statistical tables is 
explained where appropriate and the use of a calculator 
with statistics functions is mentioned briefly in some of 
the lectures. The content of the lectures is well chosen, 
the only omission being a discussion of the use of per- 
centiles. 

Part | covers the use of graphs and diagrams to 
illustrate statistics and includes bar charts, pie diagrams 
and pictograms. Part 2A includes a description of histo- 
grams and proceeds to a detailed discussion of the 
preparation of histograms from raw data and the 
problems of labelling. Averages and measures of the 
centrality of a distribution such as the mean, mode and 
median are introduced. In part 2B discussion of the uses 
of histograms is continued. Again, practical problems 
such as the calculation of the median are discussed in 
detail. The programme finishes with a description of the 
calculation and use of the geometric mean. Part 3 
describes measures of dispersion such as range, mean 
absolute deviation, standard deviation and variance. In 
part 4 coefficient of variation, the normal distribution, 


ABC of resuscitation 95 
Vitalograph Ltd VHS-U-Matic videocassette) 
Collapse—A basic guide to first aid 95 
Holiday Brothers (Videocassette) 

ABC of cardiopulmonary resnscitation 95 


Stewart Film Distributors (VHS/Betamax/ 
U-Matic Videocassette or film 16 mm) 


standard normal distribution and z values are intro- 
duced and the spread of results is discussed. The prob- 
lem of non-Gaussian distributions is tackled by the use 
of Tchebbycheff's theorem. 

The reviewer does not envy anyone approaching the 
task of preparing a tapeslide lecture series on statistics. 
The numerical nature of the subject makes it very 
difficult to produce interesting slides and this series does 
have a number of illustrations which consist of lists of 
perhaps 100 numbers. By the time part 4 is reached it 
is becoming difficult to concentrate when figures are 
added together by the lecturer without the results being 
displayed at the same time on the screen. 

There is a tendency to introduce topics in one lecture 
which are not explained until a later lecture and to re- 
use slides so that labels are not explained the first time 
the slide is viewed. The occasional use of a bleep in the 
middle of a sentence so that the slide changes as the 
lecturer is speaking is also disconcerting. The rate at 
which the lecturer speaks in the first lecture or two is 
rather slow, although this does speed up in later 
lectures. 

In conclusion, although the procedures have not 
managed to overcome all the problems of present- 
ing a subject such as this in the medium of tapeslide, the 
content of this series of programmes is one of the best 
and most relevant introductions to medical statistics 
that the reviewer has seen. 


P.D. Davis 


CPR for heartsavers 

By Laerdal Medicai Ltd., VHS Videocassette. Colour. 
Buy from Laerdal! Medical Ltd., 2 Vinson Close, 
Orpington, Kent. 19 min. 1981. (£50.00 + VAT). 


CPR for citizens 

By Laerdal Medical Ltd., VHS Videocassette. Colour. 
Buy from Laerdal Medical Ltd., 2 Vinson Close, 
Orpington, Kent. 29 min. 1981. (£75.00 + VAT). 


These American presentations, available as video 
cassettes, are intended as educational films for the 
general public. Because their contents overlap, they are 
reviewed together. 

CPR for heartsavers has a British commentary 
throughout most of the presentation. It deals prin- 
cipally with myocardial infarction, and opens with a 
view of a beating heart. The causes of cardiac arrest are 
considered, and risk factors associated with myocardial 
infarction, together with preventive measures, are 
discussed. The symptoms and signs resulting from acute 
myocardial infarction are described. There is an ex- 
planation of the term ‘CPR’, and the individual com- 
ponents of Airway, Breathing and Circulation are 
emphasised. Airway control is demonstrated using a 
model, and mouth-to-mouth and mouth-to-nose ven- 
tilation explained. To illustrate the effects of artificial 
ventilation, there is a brief view of cadaveric lungs 
inflating. Techniques of external cardiac massage are 
demonstrated, predominantly with one rescuer. Correct 
and incorrect methods are contrasted. The film ends 
with a slightly forced, and very American, dramatisa- 
tion of cardiac arrest and resuscitation. 

CPR for citizens is an expanded and more broadly 
based version of the same film. The subject matter is 
extended to include accidents as well as myocardial 
infarction. The importance of cerebral oxygen require- 
ments is emphasised. Combined cardiorespiratory re- 
suscitation with two rescuers is dealt with more fully 
and the management of cardiac arrest in infants and 
children is described. A separate section deals with 
airway obstruction by a foreign body in conscious and 
unconscious patients. There is a very clear commentary 
by Orson Welles. The film concludes with another 
dramatised resuscitation. 

These films are clear and accurate, although allow- 
ance has to be made for their American origins. 


ABC of resuscitation 


By Vitalograph Ltd., VHS/U-Matic Videocassette. 
Colour. Buy from Vitalograph Ltd., Maids Moreton 
House, Buckingham, MK18 ISW. 20 min. 1984. 
(£46.57 inc VAT). 


This excellent video presentation deals with the basic 
steps of resuscitation of victims of accidents or cardiac 
arrest. The presentation begins with four brief drama- 
tised reconstructions depicting electrocution, a road 
traffic accident, a drowning incident and a myocardial 
infarction. Following a brief introduction from a 
Bristol anaesthetist well known for his interest in 
emergency medicine, the first aid management of each 
of the four victims is discussed. The importance of 


Audiovisual reviews 95 


avoiding further injury, either to the victim or the 
rescuer, and the need to obtain skilled assistance are 
emphasised. By dealing with the resuscitation of each 
victim in turn, the practical aspects of the recovery 
position, airway control, artificial ventilation and 
external cardiac are taught in a logical progression. 
Airway control is demonstrated using an effective 
graphic technique. Mouth-to-mouth ventilation and 
cardiac massage are explained clearly. There is a good 
dramatised simulation of airway obstruction by a 
foreign body. 

Although relatively short, the presentation is 
comprehensive and concise. It uses the medium of tele- 
vision of television graphics and freeze-frame effec- 
tively. The commentator emphasises that the presenta- 
tion is intended to complement, not to replace, a re- 
suscitation course and experience of the practical 
procedures using a manikin. 


Collapse—A basic guide to first aid 
A. Redmond and D. Edwards (Stockport Infirmary). 
Videocassette. Colour. Buy from Holiday Brothers 
(Audio and Video Ltd.), 172 Finney Lane, Heald 
Green, Cheadle, Cheshire, SK8 3PU. 30 min. 1985. 
(£19.95 inc VAT). 


This resuscitation video is comprehensive in that it 
describes cardiopulmonary resuscitation in adults 
and children, the treatment of a choking victim, and 
the management of a patient having an epileptic 
seizure. However, there is a paucity of visual demon- 
strations of the mechanisms of action of the techniques 
described. Some of the techniques which are demon- 
strated are inaccurate, e.g. external cardiac massage is 
shown at a rate of approximately 20/minute. The 
sequence of the presentation could have been improved, 
and the standard of acting is poor and unconvincing. 


ABC of cardiopulmonary resuscitation 


Stewart Film Distributors, VHS/Betamax/U-Matic 
Videocassette or film 16 mm. Colour. Buy from Stewart 
Film Distributors Ltd., 107-115 Long Acre, London, 
WC2E 9NU. 13 min. 1983. (Videocassette £200.00 
+ VAT). 


This is an excellent presentation, which is clear, dog- 
matic and concise. The necessity for a continuing supply 
of oxygen to the brain and heart is emphasised, and 
causes of hypoxaemia described. Cardiopulmonary re- 
suscitation is explained and demonstrated extremely 
well, and the graphical illustrations are of a high 
quality. There are good dramatisations of drowning 
and smoke inhalation, and there is a continual emphasis 
of the importance of rapid initiation of treatment and 
the continuation of treatment until professional help 
arrives. 

In this reviewer's opinion, the best presentations of 
the five are ABC of cardiopulmonary resuscitation 


Macintosh, Mushin 
and Epstein: Physics 
for the Anaesthetist 
WW. Mushin and P.L Jones. 


Fourth Edition, Early 1986. 640 pages, 


340 illustrations. About £25.00 


Patient-Controlled 
Analgesia 


Edited by M. Harmer, M. Rosen and 
MD. Vickers. 1985. 224 pages, 
50 illustrations. £18.00 Blackwell 


Guidelines in 
Clinical Anaesthesia 


P. Hutton and Griselda Cooper. 1985. 
416 pages, 54 illustrations. £19.50 


Ventilation/Blood Flow 
and Gas Exchange 


J.B. West. Fourth Edition, 1985. 128 pages, 
57 illustrations. Paper, £6.50 


Perinatal Anesthesia 
Contemporary Issues in Fetal and, 
Neonatal Medicine, Volume 1 


Edited by 

JW. Scanlon. 
352 pages, 

22 illustrations. 
About 

£25.00 
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—_——- REGIONAL ANESTHESIA: 
Techniques and Clinical Applications 


HAROLD CARBON, M.D., GREGG A. KORBON, M.D., 
and JOHN C. ROWLINGSON, M.D. 








Regional Anesthesia: Techaiques and Clinical Applications is designed as a pragmatic reference 
for all physicians and other professionals who use regional anesthesia in their practice. Written by well- 
known teachers in the fleld, the text provides clearly defined guidelines on anatomical considerations, 
concise descriptions of surface landmarks, and techniques for performing regional anesthetic procedures. 
The book is divided into six sections dealing sequentially with plexus blocks, the neural axis, peripheral 
nerves, pain management, and concludes with techniques enhancing the success of blocks and a 
discussion of systemic and neurologic complications of block procedures. A guest chapter by C.A. 
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This work is further enhanced by its profusely illustrated text, inchuding 16 color Mlustrations. Photographs 
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Anaesthetic literature 


This section of Anaesthetic literature contains references taken from Current Contents—Life Sciences for July 
1985. The journals which may be consulted when Anaesthetic literature is compiled are those listed in Current 
Contents—Sciences, published by the Institute of Scientific Information, Philadelphia, Pennsylvania, USA. 


Abdominal surgery 


Proliferative and morphologic changes in rat colon fol- 
lowing bypass surgery. BarKLa, D.H. TUTTON, 
P.J.M. American Journal of Pathology 1985; 119: 402. 

Effect of diverting colostomy on breaking strength 
of anastamoses after resection of the left side of 
the colon. Studies in the rat. Biomauist, P., 
Jorn, H., ZEDERFELDT, B. American Journal of 
Surgery 1985; 149: 712. 

Respiratory performance after upper abdominal 
surgery. A comparison of pain relief with inter- 
costal blocks and centrally acting analgesics. 
ENGBERG G. Acta Anaesthesiologica Scandinavica 
1985; 29: 427. 

Factors influencing the respiratory capacity after upper 
abdominal surgery. ENGBERG, G. Acta Anaesthesio- 
logica Scandinavica 1985; 29: 434. 

Effects of beta-adrenoceptor stimulation on recto- 
sigmoid motility in man. LYRENAS, E., ABRAHAMSSON, 
H. DorTevaLi, G. Digestive Diseases and Sciences 
1985; 30: 536. 

Perioperative allogenic blood transfusions: survival in 
patients with resected carcinomas of the colon 
and rectum. NATHANSON, S.D., TILLEY, B.C. et al. 
Archives of Surgery 1985; 120: 734. 

Extracellular fluid deficit following operation and its 
correction with ringer’s lactate: a reassessment. 
ROBERTS, J.P. et al. Annals of Surgery 1985; 202: 1. 

Influence of fentanyl and morphine on intestinal cir- 
culation. TversKoy, M., GELMAN, S. ef al. Anes- 
thesia and Analgesia 1985; 64: 577. 


Pharmacology 


Adrenergic drugs and their antagonists 


Beta-adrenergic blockers in cirrhosis. Leading article. 
Lancet 1985; 1: 1372. 
Mechanisms involved in alpha-adrenergic phenomena. 


Exton, J.H. American Journal of Physiology 1985; 
248: E633. 

Control of myocardial catecholamine release during 
acute ischemia. Forrar, J.C., RusseLL, D.C., RE- 
MERSMA, R.A. Journal of Cardiovascular Pharma- 
cology 1985; 7: $33. 

Selected aspects of presynaptic modulation of nor- 
adrenaline release from the heart. Fuper, H. Journal 
of Cardiovascular Pharmacology 1985; 7: S2. 

Effects of propranolol on hepatic haemodynamics in 
the cirrhotic and non-cirrhotic rat. JENKINS, S.A., 
Baxter, J.N. et al. British Journal of Surgery 1985; 
72: 354. 

Relationship between dose, blood level and haemo- 
dynamic response in patients with cirrhosis receiving 
propranolol. Jon, M.I., DELHOTAL, B., LEBREC, D. 
European Journal of Clinical Pharmacology 1985; 
28: 353. f 

Pulmonary ventilation in long-term beta-adrenergic 
blockade after myocardial infarction. JOHANSEN, S. 
European Journal of Clinical Pharmacology 1985; 28: 
23. 

Theophylline toxicity and the beta-adrenergic system. 
KEARNY, T.E., MANOGUERRA, A.S. et al. Annals of 
Internal Medicine 1985; 102: 766. 

Prazosin does not alter levels of plasma lipids, 
glucose and insulin. PLoutn, P.F. Journal of Cardio- 
vascular Pharmacology 1985; 7: 516. 

The distribution of catecholamines between platelets 
and plasma in normal human subjects. SMITH, 
C.C.T., Curtis, L.D. et al. Clinical Science 1985; 
69: 1. 

Adrenergic interactions in smooth muscle contractility: 
TRIGGLE, C.R. Calcium and Contractility Smooth 
Muscle Contemporary Biomedicine Humana Press Inc 
(Clifton) 1985: 327. 


Anaesthetic agents 
The effect of atropine and vagal stimulation on the 
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Journal can be obtained on application to him. References from January 1984 have been entered on data base and search facilities are 
also available. All communications about this matter should be addressed to Dr Kaufman please. 
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release of neurotensin-like immunoreactivity in man 
(RPT 00358). Eaves, E.R. et al. Regulatory Peptides 
1985; 11: 1. 

Cardiovascular effects of enflurane and asphyxia during 
long-term beta-adrenoceptor blockade. HENRIKSSON, 
B.A., Brser, B. et al. Acta Anaesthesiologica Scan- 
dinavica 1985; 29: 363. 

The effect of increasing age on thiopental disposition 
and anaesthetic requirement. Homer, T.D., STANSE!, 
D.R. Anesthesiology 1985; 62: 714. 

Prediction of thiopental induction dose based on 
caffeine volume. INCHIOSA, M.A., SCHMAHAI, T.J. 
et al. Journal of Clinical Pharmacology 1985; 25: 
281. 

Ventilatory responses to acute metabolic acidemia in 
humans awake, sedated and‘anesthetized with halo- 
thane. KNIL, R.L., CLEMENT, J.L. Anesthesiology 
1985; 62: 745. 

Isoflurane as a routine anaesthetic in general surgical 
practice. NUNN, J.F. British Journal of Anaesthesia 
1985; 57: 461. 

Kinetics of ketamine and its metabolites in rabbits 
with normal and impaired renal function. PEDRAZ, 
J.L., LANAO, J.M. et al. European Journal of Drug 
Metabolism and Pharmacokinetics 1985; 10: 33. 

Sex differences in halothane metabolism and hepato- 
toxicity in a rat model. PLUMMER, J.L., HALL, P.D. 
et al. Anesthesia and Analgesia 1985; 64: 563. 

Relationships between the pharmacokinetics of carbon 
tetrachloride conversion to carbon and chloroform 
and liver injury. REYNOLDS, E.S., TRENEN, RJ. et al. 
Archives of Toxicology 1984; 7: 303. 

Different pathways of chloroform metabolism. TESTAI 
E., Virrozzi, L. Archives of Toxicology 1984; 7: 
278. 


Analgesic agents 


Use of alfentanil in short anaesthetic procedures. 
Couns, K.M., PLANTEVIN, OM. Journal of the 
Royal Society of Medicine 1985; 78: 456. 

CSF and plasma pharmacokinetics of intramuscular 
morphine. NORDBERG, G., Bors, L. et al. European 
Journal of Clinical Pharmacology 1985; 27: 677. 

Influence of naloxone on the antinociceptive effects of 
some antidepressant drugs. REICHENBERG, K., 
CAILLARD-PLAZA, G. ef al. Archives Internationales 
de Pharmacodynamie et de Therapie 1985; 275: 78. 

GABA in morphine analgesia. Srvam, S.P., Ho, I.K. 
Life Sciences 1985; 37: 199. 

Changes in succinic dehydrogenase activity in the cen- 
tral nervous system of mice during morphine 
dependence development. Soop, P.P., MOHANA- 
KUMAR, K.P. Clinical Physiology and Biochemistry 
1985; 3: 193. 

Long-term changes in self-stimulation threshold by 
repeated morphine and naloxone treatment. VAN- 
WOLFSWINKEL, L., SEIFERT, W.F., WANREE, J.M. Life 

o Sciences 1985; 37: 169. 


Muscle relaxants 


Fade characteristics and onset times following ad- 
ministration of pancuronium, tubocurarine and a 
mixture of both agents. CASHMAN, J.N., JONES, 
RM., VELLA, L.M. British Journal of Anaesthesia 
1985; 57: 488. 

4-aminopyridine—an anticurare and reawakening drug. 
Mauza, E., Nicoxal, P. et al. Archives of Toxi- 
cology 1984; 7: 468. 

The use of physostigmine in heroin overdose. 
RUPRECHT, J., Dworacex, B. et al. Archives of 
Toxicology 1984; 7: 467. 

Vasodilators. STRICKER, B.H.C., SPOELSTRA, P. Drug- 
Induced Hepatic Injury 1985; 1: 286. 


Other drugs 


Ventilatory effects of domperidone, a new dopamine 
antagonist, in anaesthetized rabbits. DELPIERRE, S., 
PEYROT, J. et al. Archives Internationales de Pharma- 
codynamie et de Therapie 1985; 275: 47. 

Active drug metabolites: an overview. GARATTINI, S. 
Clinical Pharmacokinetics 1985; 10: 216. 

Aminoglycoside antibiotics—a study of their neuro- 
toxic effects at peripheral nerve fibres. MrroLo- 
CHIEPPA, D., CARRATU, M.R. Archives of Toxicology 
1984; 7: 464. 


Apparatus 


Transcutaneous temporary pacing in the operating 
room. BERLINER, D., OKUN, M. et al. Journal of the 
American Medical Association 1985; 254: 84. 

Intracuff pressures in endotracheal and tracheostomy 
tubes. BERNHARD, W.N., Yost, L. et al. Chest 
1985; 87: 720. 

Elective percutaneous dilatational tracheostomy; a new 
simple bedside procedure. CIAGLIA, P., FISCHING, R., 
Sync, C. Chest 1985; 87: 715. 

Tracheal intubation kit for resuscitation. CONACHER, 
I.D. Lancet 1985; 1: 1424. 

Automatic blood pressure monitors. A clinical evalua- 
tion of five models in adults. JOHNSON, C.J.H., 
Kerr, J.H. Anaesthesia 1985; 40: 471. 

The usefulness of preoperative laboratory screening. 
KAPLAN, E.B., SHEINER, L.B. ef al. Journal of the 
American Medical Association 1985; 253: 3576. 

The case for continued scrutiny of catheterization- 
related complications. Kron, J. Chest 1985; 87: 707. 

Tracheal tube cuff pressures. The effects of different 
gas mixtures. RAEDER, J.C., BORCHGREVINK, P.C. 
et al. Anaesthesia 1985; 40: 444. 

Self-monitoring of the blood glucose level: potential 
sources of inaccuracy. RASAIAH, B. Canadian 
Medical Association Journal 1985; 132: 1357. 


Complications 
Acute gastric dilatation following upper gastro- 


Ay 


intestinal endoscopy. AHMED, M.E.K., AHMED, M.E. 
et al. Endoscopy 1985; 17: 117. 

Pancreatitis after cardiac and cardiopulmonary trans- 
plantation. Aziz, S., BERGDAHL, L. et al. Surgery 
1985; 97: 653. 

Laryngeal injury in a dog model of prolonged endo- 
tracheal intubation. BisHoP, M.J., HIBBARD, A.J. et 
al. Anesthesiology 1985; 62: 770. 

Cardiac arrest: a follow-up. Davis, L. Medical Journal 
of Australia 1985; 142: 671. 

Recurrent cardiac arrest. FAGAN, E.T. Medical Journal 
of Australia 1985; 142: 667. 

Amiodarone-induced hypothyroidism. HAWTHORNE, 
G.C., CAMPBELL, N.P.S. et al. Archives of Internal 
Medicine 1985; 145: 1016. 

Acute brain edema due to water loading in young 
women. Kort, E., Marcus, Y. European Neurology 
1985; 24: 221. 

Acute renal failure in the cardiovascular surgical 
patient. Kron, I.L., Joos, A.W., VAN METER, C. 
Annals of Thoracic Surgery 1985; 3% 590. 

Severe neutropenia associated with procainamide: 
comparison of sustained release and conventional 
preparations. MEYERS, D.G., GONZALEZ, E.R. et al. 
American Heart Journal 1985; 109: 1393. 

Thrombocytopenic purpura in narcotics addicts. 
Savona, S., NARDI, M.A. et al. Annals of Internal 
Medicine 1985; 102: 737. 

Pentazocine-induced agranulocytosis. SHEEHAN, M. et 
al. Canadian Medical Association Journal 1985; 132: 
1401. 

Seizures due to theophylline overdose. SINGER, E.P., 
KOLISCHENKO, A. Chest 1985; 87: 755. 

Patterns of drug-induced hepatic injury. STRICKER, 
B.H.C., SPOELSTRA, P. Drug-Induced Hepatic Injury 
1985; t: 1. 

Mechanisms of drug-induced hepatic injury. STRICKER, 
B.H.C., SPOELSTRA, P. Drug-Induced Hepatic Injury 
1985; 1: 11. 

Diagnosis and analysis of drug-induced hepatic injury. 

` STRICKER, B.H.C., SPOELSTRA, P. Drug-Induced 
Hepatic Injury 1985; 1: 21. 

Anesthetics. STRICKER, B.H.C., SPOELSTRA, P. Drug- 
Induced Hepatic Injury 1985; 1: 33. 

Intramuscular injections and muscle damage—effects 
of concentration, volume, injection speed and vehicle. 
SVENDSEN, O., Bio, L. Archives of Toxicology 
1984; 7: 472. 

Cyanide-induced parkinsonism—a clinicopathologic 
report. Urmi, RJ., RaspuT, A.H. et al. Neurology 
1985; 35: 921. 

A study of post-intubation laryngeal dysfunction. 
Wuiten, R.E. The Laryngoscope 1985; 95: 727. 


General anaesthetic procedures 


Cardiac rate and rhythm during anaesthesia for dental 
extraction—a comparison of halothane, enflurane 
and isoflurane. Casson, W.R., Jones, R.M. British 
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Journal of Anaesthesia 1985; 57: 476. 

Circulatory responses to thiopentone and tracheal 
intubation in patients with coronary artery disease 
—effects of pretreatment with labetalol. FiscHLER, 
M., Dusois, C. et al. British Journal of Anaes- 
thesia 1985; 57: 493. 

The effect of diazepam pretreatment on the succinyl- 
choline-induced rise in intraocular pressure. FJELD- 
BORG, P., HECHT, P.S. et al. Acta Anaesthesiologica 
Scandinavica 1985; 29: 415. 

Anesthesia with ketanserin and alfentanil in the elderly. 
HELMERS, J.H., ADAM, A.A. et al. Current Therapeutic 
Research 1985; 37: 1075. 

Smoking before surgery: the case for stopping. JONES, 
R.M. British Medical Journal 1985; 290: 1763. 

Comparison between complications of cataract surgery 
following local anaesthesia with short stay and 
general anaesthesia with a 5-day hospitalization. 
VERNON, S.A., CHENG, H. British Journal of Oph- 
thalmology 1985; 69: 360. 


General interest 


Erroneous diagnosis of phaeochromocytoma in hyper- 
tensive patients on labetalol. BouLoux, P-M. et al. 
Journal of the Royal Society of Medicine 1985; 78: 
588. 

Potassium depletion myopathy: a clinical and mor- 
phological study of six cases. Com, G., Testa, D. 
et al. Muscle and Nerve 1985, 8: 17. 

Clonidine-suppression test in epinephrine secreting 
pheochromocytoma: report of a case. DUPONT, A.G., 
VANDERNIEPEN, P. et al. Journal of Endocrinological 
Investigation 1985; 8: 153. 

Prolonged surgical intensive care: a useful allocation of 
medical resources. MADOFF, R.D., SHARPE, S.M. 
et al. Archives of Surgery 1985; 120: 698. 

Increase in radiosensitivity of lung micrometastases by 
hyperbaric oxygen. Mias, L., HUNTER, N.M. et al. 
Clinical and Experimental Metastasis 1985; 3: 21. 

Tetrodotoxin derivatives in puffer fish. NAKAMURA, M., 
YasuMoTo, T. Toxicon 1985; 23: 271. 

Efficacy of opical nitroglycerin for random-pattern 
skin-flap salvage. NICHTER, L.S., SOBIESKI, M.W., 
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1985; 75: 847. 

A sleep-inducing peptide from conus-geographus 
venom. OLIVERA, B.M. et al. Toxicon 1985; 23: 277. 

Enkephalins in pheochromocytoma: studies in a rat 
model. PALMER, R.J., Moser, C., O'Connor, D.T. 
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Carcinoid tumors of the colon: a study of 72 patients. 
ROSENBERG, J.M., WELCH, J.P. American Journal 
of Surgery 1985; 149: 775. 

Dental factors in infective endocarditis. SELDIN, E.B. 
Circulation 1985; 71: 1093. 

Hypercalcemia in pheochromocytoma: evidence for a 
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novel mechanism. STEWART, A.F., HOECKER, J.L. et 
al. Annals of Internal Medicine 1985; 102: 776. 


Spinal and epidural analgesia 


Safety and efficacy of epinephrine added to bupi- 
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Epidural electrical stimulation in severe limb ischemia: 
pain relief, increased blood flow, and a possible 
limb-saving effect. AUGUSTINSSON, L.E. et al. Annals 
of Surgery 1985; 202: 104. 

Pain measurement: an overview. CHAPMAN, C.R., 
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Casey, K.L. et al. Pain 1985; 22: 1. 
The treatment of cancer pain. FoLey, K.M. The New 
England Journal of Medicine 1985; 313; 84. 
Treatment of backache with spinal injections of local 
anesthetics, spinal and systemic steroids. A review. 
Keres, E.R., DuncaLr, D. Pain 1985; 22: 33. 
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News and notices 


Stop Press, Readers of this section are also referred to the Stop Press page at the end of this section. 


Obituaries 


Ahuja, Bikram, MD, FFARCS. Senior registrar in anaesthetics, University Hospital of Wales, Cardiff. Quali- 
fied in Poona, India in 1972. 

Bomonji, Terence Rupert, MRCS, LRCP, FFARCS, DA. Consultant anaesthetist to Dudley Area Health 
Authority. Qualified at St Bartholomew’s Hospital in 1941. 

Boyd, John, MD, FFARCS. Late anaesthetist to Royal Belfast Hospital for Sick Children and Royal Victoria 
Hospital, Belfast. Qualified at University of Belfast in 1926. 

Brown, Alexander, MB, ChB, FFARCS, DA. Formerly consultant anaesthetist to the Hull and East Riding 
hospitals. Qualified at Aberdeen University in 1936. 

Dunkin, Larence Joseph Francis Xavier, MB, BCh, BAO, FFARCS. Consultant anaesthetist to Newcastle 
General Hospital. Qualified at St Vincent’s Hospital, Dublin in 1949. 

France, John Malcolm, FFARCS. Late consultant anaesthetist to Northallerton General Hospital. Qualified 
at the University of Leeds in 1959. 

Hawksley, Margaret, LVO, MB, BS, FFARCS. Formerly consultant anaesthetist to the Hospital for Sick 
Children, Great Ormond Street, London. Qualified at University College Hospital, London in 1930. 

Hoggins, Eileen Mary, MB, ChB, FFARCS, DA. Formerly senior consultant anaesthetist to the Walsall 
hospitals. Qualified at Birmingham Medical School in 1943. 

Jones, William Alyn, MRCS, LRCP, DA. Formerly anaesthetist to Hertford Co. Hospital and Queen Elizabeth II 
Hospital and Welwyn Garden City Hospital. Qualified St Mary’s Hospital in 1936. 

Odell, John Robert, MB, BS, FFARCS. Formerly consultant anaesthetist at The Royal Free Hospital. Qualified 
at the Middlesex Hospital in 1937. 

Pinson, Kenneth Bernard, MB, ChB, FFARCS. Late consultant anaesthetist to Manchester Royal Infirmary. Senior 
member of the Association of Anaesthetists of Great Britain and Ireland. Qualified from Birmingham, 1914. 
Rose, Thea Gwyneth Tesorina, MB, BS, DCH, DA. Latterly head of the anaesthetic department of Mpilo 
Hospital, Bulawayo, Zimbabwe. Qualified at University College Hospital and the West London Hospital Medical 
College in 1950, 

Youngman, Harold Rowell, MD, FFARCS. Formerly honorary anaesthetist to United Cambridge Hospitals. 
Qualified at University of Cambridge and St Thomas’s Hospital in 1926. 


Association of Anaesthetists of Great Britain and Ireland 


The Association of Anaesthetists of Great Britain and Ireland, 9 Bedford Square, London WCIB 3RA, England.. 
Telephone: 01-631 1650 (Ansafone service available out of office hours). 


Officers 1985-86 $ Assistant Hon. Secretary: Dr P. Morris (Manchester). 
, Editor: Dr J.N. Lunn (Cardiff). 

President: Dr T.B- Boulton eae ME Assistant Editors: Dr M. Morgan (Royal Postgraduate 
Caan. Past President: Professor M.D. Vickers atedical School, London), Dr C.E. Blogg (Oxford), 

g h ba: University Coll Hospital, 
Pre ee Profesor M Rosen (Cai). Pe, roma Cnt eles, en 
Vice-President: Professor J.P. Payne (London). , 
Vice-President: Dr Jean Horton (Hong Kong). Council 1985-86 
Vice-President: Dr W.R. MacRae (Edinburgh). 1 
Honorary Treasurer: Dr M.M. Burrows (Wirral). All Officers with the exception of the Assistant Editors 


Honorary Secretary: Dr M.T. Inman (Plymouth). are ex-officio members of Council. 


karj 


~ 


Elected Members: Professor A.P. Adams (Guy’s Hos- 
pital, London), Dr W.L. Baird (Glasgow), Dr Elizabeth 
Bradshaw (Ealing), Dr K. Budd (Bradford), Dr R.J. 
Eltringham (Gloucester), Dr W.H.K. Haslett (Belfast), 
Dr DJ. Hatch (Great Ormond Street, London), 
Professor W.S. Nimmo (Sheffield), Dr T.W. Ogg 
(Cambridge), Dr J.F. Searle (Exeter), Professor G. 
Smith (Leicester), Dr W.S. Wren (Dublin), Dr Wendy 


‘Scott (Chairman, Junior Anaesthetists’ Group), Dr G.W. 


Hamlin (Secretary JAG). 


Annual Scientific Meeting, Leicester, 11-13 
September 1985 


The Scientific programme was as follows. 

Symposium: Postoperative pain; Chairman: Dr K.A. 
Stewart. Measurement of pain, Professor G. Smith 
(Leicester). Pharmacokinetics of analgesic drugs, Pro- 
fessor W.S. Nimmo (Sheffield). Guest Lecture; Post- 
operative respiratory function and analgesia, Professor 
P.R. Bromage (Denver, USA). 

Symposium: Computers and anaesthesia; Chairman: 
Dr A.R. Aitkenhead (Leicester). Anaesthetic records, 
Dr G.N.C. Kenny (Glasgow). Anaesthetic rotas, Dr 
J.N. Horton (Cardiff). EEG and evoked potentials, 
Dr P.S. Sebel (London). Closing the loop, Professor 
W.W. Mapleson (Cardiff). 

Free Papers: Chairman: Dr D. Fell (Leicester). Age 
and speed of injection affect toxicity of propofol, 
Dr F.P. Robinson (Belfast). Anaesthesia for paediatric 
adenotonsillectomy, Dr P.J. Stow (Northampton). 
Anaesthesia for Nd-YAG laser surgery, Dr K.C. 
Moore (Oldham). Infiltration of the mesosalpinx with 
bupivacaine 0.5% effectively relieves pain following 
laparoscopic tubal sterilisation, Dr B.V. Wetchler 
(linois, USA). Active carbon dioxide absorption in 
anaesthesia, Dr J.V.I. Young (London). Report on a 
visit to the USA, Dr C.D. Hanning (Leicester). 

Symposium: Modern trends in anaesthesia; Chair- 
man: Dr C.D. Hanning. The anaesthetist and laser 
surgery, Dr A.C. Wainwright (Southampton). The 
anaesthetist and microsurgical techniques, Dr A. Loach 
(Oxford). Hypotensive anaesthesia, Dr J.A.W. Wild- 
smith (Edinburgh). Anaesthesia and psychiatric disease, 
Dr R.M. Jones (Guy’s Hospital, London). 

Symposium: Chronic pain; Chairman: Professor G. 
Smith. Pain clinic organisation, management and 
training, Dr K. Budd (Bradford). Drug therapy, Pro- 
fessor J.W. Thompson (Newcastle upon Tyne). The 
needle effect, Dr A.J.R. Macdonald (Charing Cross). 
Psychiatric management of chronic pain—an inpatient 
programme, Professor M.R. Bond (Glasgow). Special 
lecture with demonstration; Hypnosis, Dr B.D.L. 
Johnson, Emeritus Consultant Anaesthetist (Leicester). 

The John Snow Memorial Lecture was given by 
Dr E.D. Acheson, Chief Medical Officer (Department 
of Health and Social Security). 

Poster presentations: Dose reponse relations of 
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Nalmefene and fentanyl, Dr T.C. Smith (Chicago, 
Illinois). Nerve blocks with butyl-amino-benzoate 
suspension for the control of chronic pain syn- 
dromes, Dr M. Shulman (Chicago, Illinois). The Datex 
relaxograph: A comparison with a force transducer, 
Dr J.A. Carter (London). An assessment of oral and 
intramuscular ranitidine and sodium citrate in obstetric 
anaesthesia, Dr R. Colman (London). Complete reversal 
of deep pancuronium block requires at least 20 minutes, 
Dr D.R. Goldhill (Boston, Mass.). Effect in dogs of 
beta blockade on potassium release after succinyl- 
choline, Dr D.R. Goldhill (Boston, Mass.). The clinical 
pharmacology of high dose atracurium, Dr R.P.F. Scott 
(Boston). Gascard, an anaesthesia records program, 
Dr J.R. Davies (Lancaster). A computerised study of 
muscle relaxation during laparoscopy, Dr S.C. Allen 
(Reading). Hormonal response during ketamine anaes- 
thesia, Dr M.H.W. Abdulla (Basrah, Iraq). Incidence 
of serological markers for Hep B infection amongst 
anaesthetists, Dr M.W. Ashby (Oxford). Halothane 
attenuates cardiopulmonary baroreflexes, Dr T.J. Ebert 
(Milwaukee, Wis.). Herpes zoster ophthalmicus pain 
responds to stellate ganglion block therapy, Dr B.V. 
Wetchler (illinois). Does aminophylline antagonise 
midazolam? Dr W. Holmes (Ballymena). A new 
neonatal respiratory monitor, Dr C.D. Hanning 
(Leicester). ` 

There were 480 registrants at this Meeting, which 
took place at the Leicester Polytechnic. The social pro- 
gramme started on the Wednesday evening with a buffet 
supper, generously contributed by the Leicestershire 
Area Health Authority, with entertainment by the 
‘Abracadabrets’. The accompanying persons’ pro- 
gramme included a coach trip to Burghley House, 
followed by lunch at Stamford and then into the 
countryside of Rutland. The Lord Mayor of Leicester 
was host at a Civic Reception and Buffet at The 
De Montfort Hall, Leicester, with music provided 
by the orchestra of the Judge Meadows Community 
College. The Annual Dinner was held in the Grand 
Hotel, Leicester and was preceded by a reception, 
courtesy of the Sheffield and East Midlands Anaes- 
thetic Society. The toast to the Association was given 
by Professor R. Dyson (University of Keele) and to 
whom the President, Dr T.B. Boulton replied and 
proposed the health of the guests. The Very Reverend 
Lawrence Jackson, Provost of Blackburn replied on 
behalf of the guests. 

There were more than seventy firms who exhibited 
during the meeting and once again it was a pleasure 
to thank them for their enthusiastic participation. 

The Annual General Meeting was attended by 140 
members. The John Snow Silver Medal was awarded 
to Professor TJ. Gilmartin, who was unfortunately 
unable to be present. 

Honorary Membership was conferred upon Dr G. 
Jackson Rees (Liverpool). Pask Certificates of Merit 
were presented to Dr W.M. Brown (Belfast), Dr 
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Margaret L. Heath (London), Cyril Jones Esq. (East 
Grinstead). These elections and awards were greeted 
with acclaim. Pask Certificates were also presented 
to Professor Dr med Dietrich F. Kettler, President 
of the German Society of Anaesthetists and Professor 
Dr med Horst O. Stoeckel, at the Joint Meeting 
with the German Society of Anaesthetists in Bonn, 
in May 1985. 

This Annual Scientific Meeting was a great success 
and all credit must go to the Organising Committee 
in Leicester for their hard work. The Organising Com- 
mittee was Dr A.R. Aitkenhead, Professor G. Smith, 
Dr H. James, Dr D.G. Lewis, Dr M. Hampson, 
Dr D. Raitt, Mrs E. Smith, Mrs M. Turner, Dr 
K.A. Stewart, Dr A. Vickers, Dr A. May, Dr Margaret 
Chambers, Dr Fiona Thompson, Dr D. Fell and 
Dr I. McLellan (Chairman). The Association is very 
grateful to them all. 


Future Meetings of the Association 
Annual Scientific Meetings 


1986—London, 18-19 September. 
1987—Sheffield, 10-11 September. 
1988—Southampton, 15-16 September. 


Linkman Conferences 


1986—London, 17 September. 
1987—Sheffield, 9 September. 
1988—Southampton, 14 September. 


Membership subscriptions 
Direct debit 


Members resident in the United Kingdon are reminded 
of the advantages of the Direct Debit method of 
payment. Annual subscriptions can only be raised 
by resolution at the Annual General Meeting and 
members must be informed of any increase. Direct 
Debit forms can be obtained from the Honorary 
Treasurer. Overseas members, unless they have a 
United Kingdom bank account, should pay by cheque or 
Banker’s draft. Members not wishing to use the Direct 
Debit system should pay by cheque. 


Research grants 


Research grants may be made towards a salary for 
a doctor or technician, or the cost of equipment. 
Candidates should write for full information to the 
Honorary Secretary and applications should be made 
on the special form designed for this purpose. Grants 
are unlikely to exceed £5000 per annum to an individual 
or department. Applications may be submitted any 
time during the year for consideration at the next 


meeting of the Research and Education Committee. 
This Committee meets three times each year. 


Association travel grants 


Association travel grants are available towards the 
cost of a tour, either at home or abroad, including 
teaching research or study, but neither for the purposes 
of attending meetings of societies nor for taking up 
posts abroad. Grants of up to £500 may be awarded. 

Applications should be made on a special form 
which may be obtained from the Honorary Secretary 
and may be submitted at any time during the year, 
provided sufficient time is allowed for their considera- 
tion by the Research and Education Committee. 


Awards for educational visits to third world countries 


Council has recently created an additional award 
for those who are making relatively prolonged visits, 
normally of not less than one year, to countries to 
assist with the teaching of anaesthesia. These awards 
would offer sums of up to £1000 towards expenses 
incurred. 

Applications should be made to the Honorary Sec- 
retary and may be submitted at any time of the 
year. 


Association Travenol Travelling Fellowship 


Travenol Laboratories have endowed a travelling 
fellowship to the value of £2500, while will be awarded 
on an annual basis and is open to all members of 
the Association of Anaesthetists. The award may be 
used for travel within the United Kingdom or over- 
seas to undertake a hospital-based study to examine 
current problems, new ideas, fresh applications or 
alternative systems in the following fields: intravenous 
fluid therapy, parenteral nutrition, intravenous ad- 
ministration of drugs, blood and blood component 
therapy, intravenous solution and transfusion fluid 
filtration, or education and training in regard to any 
of these. 

Applications for the 1986 award, which should 
enclose a summary of at least 1000 words giving 
details of the objectives of the proposed study, should 
be sent to the Honorary Secretary from whom further 
information may be obtained, before | February 1986. 


Fees for Anaesthetists in independent practice 
in the United Kingdom 


Guidelines on the scale of fees which should be charged 
in independent practice have been prepared by the 
Association and revised January 1986. Copies of this 
information can be obtained from the Honorary Secre- 


tary. 


Ba 


Central catalogue of historical books and equipment 


A central national catalogue of the location of 
historical anaesthetic equipment and books is being 
prepared by the Association Archivist, Dr T.B. Boulton 
(Oxford and Reading). Dr D. Wilkinson (St Bar- 
tholomew’s Hospital) is preparing a catalogue of 
apparatus and Dr I. MacLellan (Leicester) is pre- 
paring the catalogue of books. The Honorary Secretary 
would be grateful to receive lists of historical equip- 
ment and books from members who have them in 
their charge. 


Publications of the Association of Anaesthetists of Great 
Britain and Ireland 


Your anaesthetic, an explanatory leaflet for patients, 
1978. Anaesthetic record cards, suitable for indepen- 
dent medical practice, 1978. The role of the anaes- 
thetist, an exploratory study by Miss Lisl Klein, 1980. 
Report of a Working Party on the use of controlled 
drugs in operating theatres, 1982. Report of a Working 
Party on assistance for anaesthetists, 1983. Staffing 
in a District General Hospital, 1983. Workload for 
consultant anaesthetists, (revised) 1984. Fees in inde- 
pendent practice, 1984. Workload for consultant anaes- 
thetists, implications of reductions in junior staff and 
the consultant only hospital, 1984. Anaesthetic service 
in isolated units in the United Kingdom (prepared 
jointly with the Anaesthetists’ Sub-committee of 
CCHMS), 1984. Consultant Advisory Appointments 
Committees, results of a questionnaire, 1984. Scavenging 
in theatres, results of a questionnaire 1984. Anaes- 
thesia, A Career Guide, an illustrated booklet designed 
to inform senior medical students and preregistration 
house officers of the value of postgraduate training 
in anaesthesia (recently revised to include information 
on the new examination system) 1984. Professional 
References in the National Health Service, guidance 
and proforma, 1985. Post-Anaesthetic Recovery Facili- 
ties, 1985, 


‘Near Mise’ reporting 


Council of the Association intends to publish, from 
time to time, instructive examples of ‘near-misses’ 
which have educational value whether or not they 
led to any serious morbidity or mortality. Readers 
are invited to submit accounts of the genesis, detection 
and correction of incidents, giving sufficient detail 
as to make the matter intelligible to practising anaes- 
thetists and to point out the educational aspect. 

Reports should generally be between 150-500 words 
in length but submissions may be longer than this 
and will be edited if necessary. They will be published 
anonymously. 

Editorial work will be undertaken after the secretariat 
has removed any trace of personal identification. The 
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style aimed for will be on the lines of clinical incidents 
currently published by the defence societies. Please 
submit any incidents you think worthy of report to 
the Honorary Secretary, Critical Incident Reports, 
at the Association offices. 


Undergraduate prize of the Association 


The Prizes are offered for the most meritorious essays 
written by an undergraduate medical student at a 
university in Great Britain or Ireland. The competition 
is in two classes with prizes in each class of £100, 
£50 and £25. 

Class 1—aspects of basic science of anaesthesia. 
Class 2—cliniczl aspects of anaesthesia. 


Rules 


Essays should >e submitted before 1 April 1986. The 
number of entrants from any one medical school 
is limited to a maximum of five. The Association 
recognises that most medical schools already offer 
prizes to medical students for an essay on a topic 
related to the specialty and has therefore decided 
that the winning of a local prize will not preclude 
the writer from entering for the Association prize. 
Essays should be prepared according to the general 
format of the ‘Notice to Contributors’ at the end 
of each issue of Anaesthesia. Three copies of the 
essay should be forwarded to the Honorary Secretary. 


Regional and Specialist Society Meeting Dates 


The Honorary Secretary once again appeals to the 
secretaries of regional and specialist anaesthetic societies 
to try to check that their proposed mectings do not 
conflict with other previously arranged events to their 
mutual detriment. Dr A. Padfield, Royal Hallamshire 
Hospital, Sheffield S10 2RX, sub-editor of the National 
and local events section, has advance notice of meeting 
dates beyond those published in that section. 


Competence to practise 
The Association of Anaesthetists of Great Britain 
and Ireland and the Royal College of Psychiatrists 
are cooperating in a scheme to help sick anaesthetists 
early in their illness. 

The system depends upon voluntary reporting by 
colleagues and is not coercive. It must be emphasised 
that this scheme is supplementary to existing controls. 
Fitness to practise may be impaired through illness 
and the sick doctor for various reasons may not 
take any steps to remedy the situation. The scheme 
provides machinery whereby confidential psychiatric 
help can be cffered to the ailing doctor from a source 
outside his own Region. 

The reporting clinician should contact the office 
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of the Association of Anaesthetists to ascertain the 
name of a referee (Dr P.J. Helliwell, Dr D.C. Howat, 
Dr S.A. Mason) and need not identify himself 
to the office staff. The reporting clinician will 
be given the name, telephone number and availability 
of the referee. Preferably, a second clinician will also 


be required to confirm the report to the referee. The . 


referee will then contact a psychiatrist from another 
Region nominated by the College of Psychiatrists 
from a prepared list: the psychiatrist will then get 
in touch with the potential patient. 

No further information will be transmitted through 
the system unless the potential patient does not accept 
the offer of a visit to the nominated psychiatrist. 
In that case, the reporting physician(s) will be informed 
after a month that treatment has not been accepted. 

Suitable arrangements have been made for con- 
fidential treatment of the doctor-patient in another 
Region and for the reimbursement of travel expenses. 


Other relevant publications 


WFSA Cardiopulmonary Cerebral Resuscitation 
Manual. Those members wishing to receive a copy 
should send a stamped addressed envelope measuring 
not less than 175 x 250 mm and bearing stamps to 
the value of £1 (United Kingdom) to Dr P_J.F Baskett, 
Secretary-Treasurer, Cardiopulmonary Resuscitation 
Committee WFSA, at the Association offices. 

WFSA Manual on Obstetric Analgesia and Anaes- 
thesia. Copies of this manual are available to members 
for £2 plus 75p postage. Please send a stamp and 
addressed envelope to the Honorary Secretary at the 
Association offices. 

Mortality associated with ancesthesia. The report 
on the Association’s study was published by the Nuffield 
Provincial Hospital Trust (3 Prince Albert Road, 
London NWI 7SP) from whom copies may be pur- 
chased. Members of the Association who wish to 
receive a copy should send £1 (to cover postage and 
administrative charges) to the Association office with 
their request. 

Guidelines for the basic faciiities and equipment 
required for the administration of anaesthetics in 
hospitals in the European Economic Community, pub- 
lished by the UEMS (Anaesthesia and Intensive Care 
Committee). Photocopies are available from the 
Association office. 


Ties 


Ties (old design) are available in twinzine/terylene 
in navy, maroon or green, at £4.25p each, post free. 

A new design of tie, which depicts the coat of 
arms of the Association is now available. The material 
_ and colours are similar to the old, the price is £4.75p 
° 


(including inland postage). Orders including your 
cheque, to the Honorary Secretary. 


Catalogues and slides of the Charles King collection of 
historical apparatus 


The Development of Anaesthetic Apparatus. A History 
based on the Charles King Collection: Price £27.50 
(£19.50 to Members of the Association of Anaesthetists 
or subscribers to Anaesthesia). Post and packing £1.75. 

Colour Slides of the Charles King Collection. 8 sets 
of 12 slides. List on request. Prices: One set £5 Xp &p 
59p). 8 sets £37.50 (p & p £1.75). 8 sets plus the 
book Development of Anaesthetic Apparatus £55 (p & p 
£2.35). 

These items can be ordered from the Association 
offices. 


Souvenirs of the Golden Jubilee of the foundation of the 
Association of Anaesthetists of Great Britain and Ireland 


The following commemorative souvenirs can be ob- 
tained by writing to the Association office. 


Wall plaque of the Arms of the Association of Great 
Britain and Ireland in full heraldic colours (18 x 15cm) 

. £12.00 
Wall plaque of the badge of the World Federation 
of Societies of Anaesthesiologists (WFSA) £12.00 
Lead crystal glass tankard (0.6 litre) engraved with 
the Arms of the Association and inscribed ‘Golden 
Jubilee 1932-1982’ (limited edition of 250, in a presenta- 
tion box) . £17.00 
Fine bone china plate by Wedgwood. Marked limited 
edition of 250. Diameter 23 cm. Association Coat of 
Arms. (Gold with réd and blue lettering on a white 
background, in a presentation box) £15.00 


Audiovisual material for sale or hire 


The following audiovisual material is the property . 


of the Association and may be bought or hired. 


16-mm films 


‘Lest we forget—1' Four brief films made in conjunc- 
tion with the Section of Anaesthetics of the Royal 
Society of Medicine, which record a meeting held in 


December 1974 under the Presidency of the late Dr. 


C.J. Massey Dawkins. (Blind Nasal Intubation, Sir I.W. 
Magill; Spinal Analgesia, Sir R.R. Macintosh; Cyclo- 
propane, Dr M.D. Nosworthy; Vinyl ether, Dr W. 
McConnell). 

These films may be hired at the nominal charge 
of £8.50 each + postage. Copies can be ordered for 
purchase and quotations are available on enquiry. 


Audiocassettes 


These are for sale only. All four talks, from each meet- 


an 


ing are on one cassette and no slides were used (£3.00). 
‘Lest we forget—1l’ This is a sound recording of 
the previously described meeting. 
‘Lest we forget—2’ This is a sound recording of 
a second meeting held under the Presidency of Dr 
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C.F. Scurr in March 1979. The contributors were: Sir 
G.S.W. Organe {the introduction of muscle relaxants), 
Professor A.C. Forrester (hypothermia), Dr A.LP. 
Brown (‘flat on one’s face) and Dr J.A. Lee (spinal 
analgesia). 


The Junior Anaesthetists’ Group of the Association of Anaesthetists 
of Great Britain and Ireland 


All junior members of the Association are members 
of the Group. The Group committee has representation 
on various committees of the Association and Faculty. 


Committee 
Chairman: Dr Wendy E. Scott (12 Warden Hill, Everton, 
Sandy, Bedfordshire, Tel. (0767) 82747. Advisory Com- 
mittee, Council of the Association, House, Furnishing, 
Research and Education Committees). 

Secretary: Dr G.W. Hamlin (/ Grange Park Close, 
Leeds, LS8 3BU. Tel. 0532 659114. Council of the 
Association. JCHTA Manpower and Working Party 
of Faculty, Advisory Panel and Faculty Tutors). 

Committee members: Dr Laurie Allan (Pentland 


- Grove House, Seafield by Roslin, Midlothian, Edinburgh 


EH25 9RQ. Tel. (031) 445 2313. Hospital Junior Staff 
Committee, Council of Royal Society of Medicine, 


Editorial Board.). Dr L. Conroy (3 Elm Vale Court, 


Wilton, Cork, Eire. Tel (021) 46440). Dr A.D.J. Nicoll 
(2 Hardwick Close, Ipswich IP4 5XB. Tel. (0473) 718432. 
Faculty Education Committee, Safety Committee, 
Linkman Coordinator). Dr I. Woods (Ingfield, Milking 
_ Stile Lane, Lancaster LAI 5QD. Tel. (0524) 32129. 
International Relations Committee). Dr Nancy 


`"? Redfern (Westfield House, Acomb, Hexham, Northum- 
berland. Tel. (0434) 607444. Specialist Societies Com- 


mittee), Dr Deborah Shiller (4 Lisa Court, Downsland 
Road, Basingstoke, Hants. Tel. (0256) 477885). Dr Anne 
Blyth (7 Cleveden Gardens, Glasgow G12 0PU. Tel. (041) 
34 9974): HJSC Representative on JAG. Dr A. Mackie 
(33 St Fagan’s Rise, Cardiff CF5 3EZ. Tel. (0222) 
553084. Coopted for Cardiff meeting). Dr K.C. Lowry 
(10 Sandhill Park, Lurgan, Co. Armagh BT66 7AX. 
Coopted for Northern Ireland meeting). 

Representative of Council: Dr T.B. Boulton 
(Reading). 


Doctors with domestic commitments 


There was a meeting on June 15, 1985 held in Reading 
concerned with doctors with domestic commitments 
(DDC). Eighty-four people attended and discussed dif- 
ferent aspects of the DDC training scheme as it is 
now and as it may become in the future. This worth- 
while occasion provided a useful forum for these doc- 
tors to express their anxieties and helped to dispel any 
feeling of isolation which they were experiencing during 
ining. 


Annual Meeting 


1986—Cardiff, 8-10 April (Junior Linkman Meeting, 
April 8). 


Faculty of Anaesthetists of the Royal College of Surgeons of England 


The Faculty of ‘Anaesthetists of the Royal College of Surgeons of England, 35-43 Lincoln’s Inn Fields, London 


Faculty news 
Dudley Buxton Prize 


The Dudley Buxton Prize for 1986 has been awarded 
to Professor J.P. Payne. 


Faculty medals 


Faculty medals have been awarded to Dr G.E. Hale 
Enderby and Dr Barbara M.Q. Weaver. 


WC2A 3PN. Telephone: 01-405 3474. 


New examiners 


The following have been elected as additional new 
examiners for the Part I FFARCS exam for academic 
year 1985/86. Dr A. Eleri Edwards, Dr Penelope B. 
Hewitt, Dr M.J. Lindop, Dr D.A. Saunders, Dr A.B.M. 
Telfer, Professor J.E. Utting. 
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Nuffield Prize 


The Nuffield Prize has been awarded to Dr Melanie 
Hearn on the results of the Part Il FFARCS examina- 
tion held in May 1985. 


Examination results 


At the Part II Fellowship examinations held in October 
1985 70 of the 203 candidates were successful. 


Faculty of Anaesthetists of the Royal College of Surgeons in Ireland 


The Faculty of Anaesthetists of the Royal College of Surgeons in Ireland, 123 St Stephen’s Green, Dublin 2. 
Telephone: Dublin 780200 (Ext 268). 


Dean: Dr P.W. Keane. 

Vice-Dean: Dr D.C. Moriarty. 

Honorary Secretary: Dr D.F. Hogan. 

Honorary Treasurer: Dr J.C. Cooper. 

The John Snow Silver Medal was presented to Professor 
T.J. Gilmartin by Dr T.B. Boulton, President, Associa- 
tion of Anaesthetists of Great Britain and Ireland after 
the Scientific Meeting in September 1985. The citation 
was read by Dr W.S. Wren. 


Annual Scientific Meeting, 1986. 


This meeting will be held on May 16-17 1986. There 
will be three topics: Adverse drug reactions, Anaesthetic 


applications of computers, and Muscle relaxants, 

The Gilmartin Lecture will be delivered by Professor 
Sir J. Gordon Robson, CBE, DSc, FRCS, FFARCS, 
FFARCSI (Hon) on May 16. 


Fellowship Examinations 


The first part of the new three-part examination will 
be held on 25 April (orals start 28 April); part two, 
26 May (orals start 27 May); and part three, 18 April 
(orals start 21 April). Further information may be ob- 
tained from the Administrative Officer, Faculty of 
Anaesthetists. 


Section of Anaesthetics of the Royal Society of Medicine 


Royal Society of Medicine, 1 Wimpole Street, London WIM 8AE. Telephone: 01-580 2070 


President: Dr Aileen K. Adams. 
Secretaries: Dr I.M. Verner (Department of Anaes- 
thetics, The Middlesex Hospital, Mortimer Street, 
London WIN 8AA), Dr G.M.C. Patterson (Oxford). 
Meetings of the Section are held on the first Friday 
in the month, beginning in November, and are held 
at | Wimpole Street, London WIM 8AF, at 5.30 p.m. 
Fellows of the RSM are welcome to bring guests 
if they wish. 


Programme 
1986 
10 January—Calcium and calcium antagonists. Dr F.R. 


Ellis, Dr R.M. Jones, Dr H. Swanton. 

7 February—Joint meeting with the Section of Com- 
parative Medicine. The evaluation of pain responses. 
Professor J. Norman, Dr Barbara Weaver, Dr P.A. 
Fiecknell, Dr V. Molony. 

7 March—Joint meeting with the United Services Sec- 
tion. High altitude hypoxia: rapid and slow acquisition. 
Group Captain J. Ernsting, Dr J.S. Milledge. 

18 April—Hepatotoxicity of halothane—an enigma of 
drug toxicity. Professor M.J. Cousins (Australia), 

9 May—May & Baker R.S.M. Prizes Essays. Annual 
General Meeting. Annual Dinner. 

6 June—All-day symposium: Anaesthesia and ENT 
surgery. 


Specialist Societies 


British Association for Immediate Care (BASIC) 


Chairman: K.C. Easton, OBE. 
Secretary: Hamish McLeod (The Hope, Moffat Dum- 
frieshire. Tel: Moffat 20314). 


Society of Anaesthetists of the British Forces in 
Germany 


President: Professor J.P. Payne (London). 


Secretary: Major S.T. Inglis, FFARCS, RAMC (BMH 
Rinteln, BFPO 20 Germany). 


Association of Cardiothoracic Anaesthetists 


Honorary Secretary: Dr R.D. Latimer (Papworth 
Hospital, Papworth Everard, Cambridge CB3 8RE. Tel: 
0480 830541). 


+e 


Future meetings 


1986—Inaugural Meeting of the European Association 
of Cardiovascular Anaesthetists. 
17~18 June, Cambridge. 
Information: Dr R.D. Latimer. 
2-5 September, Munich 
Society of Cardiovascular Anaesthetists. 
Information: Dr J.A. Richter (Sophienstrasse 1, 
8000 Munchen 2). 
12 December, London. 
Information: Dr R. Feneck (London Chest) 
Hospital, Bonner Road, London E2 9JX). 
1987—-Spring Meeting—Cambridge. 
Information: Dr I. Hardy (Papworth Hospital, 
Papworth Everard, Cambridge CB3 8RE). 
Autumn Meeting—Liverpool. 
Organiser: Dr J.C. Richardson (Broadgreen 
Hospital, Thomas Drive, Liverpool L14 31B). 


Association of Dental Anaesthetists 


President: Dr T.M. Young (Manchester). 

Secretary: Dr M.A. Skivington (Department of Anaes- 
thetics, Poole General Hospital, Poole, Dorset BH15 
2JB). 


Future meetings 


1986—11 January. St George’s Hospital, London. 
Information: Dr Jane Stanford (Department of 
Anaesthetics, St George’s Hospital, Blackshaw 
Road, London SW17). 

27-28 June. Manchester Royal Infirmary. 
Information: Dr T.M. Young (Department of Anaes- 
thetics, Royal Infirmary, Manchester M13). 

1987—17 January. Queen Elizabeth Hospital, Post- 
graduate Medical Centre, Birmingham. 
Information: Dr P.J. Tomlin. 

11 July. Plymouth. 

Information: Dr F.S. Keddie. 
1988—Spring. Guernsey. 

Information: Dr P.D.M. Costen. 


Intensive Care Society 


~ Chairman: Dr Sheila M. Willatts (Bristof). 


Meetings Secretary: Dr C.J. Hinds (St Bartholomew’s 
Hospital). 

Secretary/Treasurer: Dr D. Ryan (Intensive Therapy 
Unit, Freeman Hospital, Newcastle upon Tyne 
NE7 7BE). 


Future meetings 


1986—11~-12 April. Newcastle upon Tyne. 
1 November. Hospital for Sick Children, 
London. : 
1987—9-11 April. Exeter University. 
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Autumn meeting 


This was held at University College Hospital on 5 
October 1985. The Scientific programme was as follows. 
Management of acute chest trauma, Mr P. Goldstraw 
(Brompton Hospital, London); Brain protection, Pro- 
fessor E. Frost (New York); Training in intensive care 
—an update, Dr S.M. Willatts (Bristol); Long term 
results of mechanical ventilation, Dr J.F. Searle 
(Exeter); Severity scoring, Dr W. Knaus. 

There was a Trade exhibition and the Annual 
General Meeting was held at the end of the meeting. 


The Intractable Pain Society of Great Britain and Ireland 


Chairman: Dr H. Rafferty (Dublin). 

Vice Chairman/Chairman Elect: Dr K. Budd 
(Bradford). 

Honorary Secretary: Dr T.P. Nash (Basingstoke District 
Hospital, Aldermaston Road, Basingstoke, Hampshire 
RG24 9NA). 


Prize Essay f 
An annual competition is held for the best essays related 
to pain relief. Submissions to the Honorary Secretary 
by 31 August 1986. Essay contents are judged in two 
groups, Doctors in training and Society members. 


Future meetings 


1986—26~28 June. Belfast. 
Hosts: Drs W.B. Loan, R. Armstrong and J. 
Cooper. 
1987—Liverpool. 
Host: Dr J.C. Wells. 
1988——Basingstoke. 
Hosts: Drs T.P. Nash and J.E. Hurley. 


Neuroanaesthetists’ Travelling Club 


Information: Dr S.B. Foulds, Salford Health Authority, 
Peel House, Albert Street, Eccles, Manchester M30 
ONJ. 


Obstetric Anaesthetists’ Association 


President: Dr D.D. Moir (Glasgow). 

Honorary Secretary: Dr J. Thorburn (Department of 
Anaesthesia, The Queen Mother’s Hospital, Yorkhill, 
Glasgow G3 85H). 

Treasurer: Dz A.P. Rubin (London). 

Minute Secretary: Dr B.R. Wilkey (Cambridge). 

All UK membership enquiries to Dr J. Thorburn, 
please. 


Future meetings 
1986—21 March. Dundee, Scotland. 
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Information: Dr M.K. Milne (Dept of Anaes- 
thesia, Ninewells Hospital, Dundee, Scotland). 
4 September. Coleraine, Northern Ireland. 
Information: Dr J. Moore (Dept of Anaesthesia, 
Royal Victoria Hospital, Belfast, Northern 


Ireland). 


Autumn meeting 


This was held at St George’s Hospital, London on 
20 September 1985. The scientific programme was as 
follows. 

Session 1. Chairman, Inger Findley, Dr Sheila Cohen 
(Stanford, USA), The anaesthetist and the patient in 
preterm labour. 

Session 2, Jn vitro fertilisation. Chairman, Pro- 
fessor G.C. Chamberlain (St George’s). Methods and 
technique, Mr Ian Craft (The Cromwell Hospital). 
of IVF, Dr A.W. Macara (Bristol). 

Session 3. Chairman, Dr A.C. Thurlow (St George’s). 
Neurological damage following vaginal delivery, Dr 
M. Swash (The London Hospital). \ntracranial 
pathology complicating pregnancy, Dr C. Beeby. Sickle 
cell disease in pregnancy, Dr Parker-Williams (St 
George’s). 

Session 4. Chairman, Dr D.D.C. Howat (St 
George’s). Fibreoptic approach to epidural space, 
Dr B. Liban (S! George’s). The anatomy of the 
ligamentum flavum, Dr P.A. Gaynor (New East Surrey 
Hospital). The reproductive and teratogenic effects of 
nitrous oxide, halothane, isoflurane and enflurane in 
Sprague-Dawley rats, Professor I. Mazze MD 
(Stanford, USA). 


Association of Paediatric Anaesthetists 


President: Dr G.W. Black (Belfast). 

Honorary Secretary: Dr P. Morris (Royal Manchester 
Children’s Hospital, Pendlebury, Manchester M27 
1HA). 


Future meetings 


1986—21-22 March. Annual Meeting. Sheffield. 
Information: the Honorary Secretary. 
28 May—4 June. Joint meeting with the Swedish 
Society of Anaesthetists in Gothenburg and 
Stockholm. 
Information: Dr W.R. Hain (University Hospital, 
Queen's Medical Centre, Nottingham NG7 2YH). 
1987—20-21 March. Leeds. 
Information: the Honorary Secretary. 


Piastic Surgery and Burns Anaesthetists 


President: Dr C.C.M. Howie (Bangour). 
Honorary Secretary: Dr F.J.M. Walters (Department 
‘of Anaesthetics, Frenchay Hospital, Bristol BS16 1LE). 


Enquiries about membership to the Honorary Sec- 
retary, please. 


Future meeting 


1986—Whiston, Merseyside. 
Information Dr C.S. Ince (Department of Anaes- 
thetics, St Helen’s Hospital, St Helen's, 
Merseyside WA9 3EA). 


The Russell Davies and Stuart Laird Prize 


The Society wishes to announce that this prize, £200, 
has been generously donated by Abbott Ltd. The prize 
will be awarded for an essay connected with anaesthesia 
and plastic and burns surgery and is open to any career 
anaesthetist in the National Health Service. Appli- 
cations are invited for the prize which is to be awarded 
in October 1986. Further details are obtainable from 
the Honorary Secretary. 


Anaesthetic Research Society 


Chairman: Professor A.A. Spence. 

Honorary Secretary: Dr A.R. Aitkenhead (University 
Department of Anaesthesia, Leicester Royal Infirmary, 
Leicester LEI SWW). 


Future meetings (closing dates for papers) 


1986—11-12 April (28 February). University of Leeds. 
4-5 July (May 23). University of Newcastle. 
I5 November (3 October). St Bartholomew’s 
Hospital, London. 


Special notice 


Abstracts are photoreduced and must be submitted 
on a preprinted form, which is available from the 
Hon. Secretary, All correspondence and abstracts 
should be sent to the Hon. Secretary. 


Resuscitation Council (UK) 


Chairman: Mr A. Marsden. 

Secretary: Dr D.A. Zideman (Department of Anaes- 
thetics, Royal Postgraduate Medical School, Hammer- 
smith Hospital, London W12 OHS). 


Advanced life support 


Posters which illustrate the Council’s recommendations 
for Advanced Life support are now available. 
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Home news and notices 


Academic appointments 


Dr A.J. Asbury, PhD, FFARCS has been appointed 
Senior Lecturer in Anaesthetics in the University of 
Glasgow, Western Infirmary, Glasgow, G11 6NT. 

Dr M. Rosen, FFARCS, has been appointed to an 
Honorary Chair in Anaesthetics for 5 years in the 
University of Wales. This is the first occasion that a 
consultant in the National Health Service has re- 
ceived this honour. 

Dr M.A. Stafford, MSc, FFARCS has been appointed 
Senior Lecturer in Anaesthetics to the University of 
Newcastle-upon-Tyne. 


Consaltant appointments 


Dr J.A. Andrews, Sunderland Health District. 

Dr P. Barry, Gwynedd HD. 

Dr W.R. Casson, Stirling Royal Infirmary. 

Dr P.H. Chambers, Milton Keynes General Hospital. 

Dr G.M. Duthie, Dr Gray’s Hospital, Elgin. 

Dr P. Elliott, Royal Victoria Hospital, Belfast. 

Dr J.A. Emery-Barker, Dunfermline and West Fife 
Hospital. 

Dr T. Ireland, Royal Alexandra Infirmary, Paisley. 

Dr R. E. Jones, Harold Wood and Brentwood Hos- 
pitals. 

Dr T. Kirwan, Westminster and St Stephen’s Hospitals, 
London. 

Dr A. McDonald, Falkirk and District Royal 
Infirmary. 

Dr J.F. McGeachie, Oldham HD. 


Dr A. McHutchon, Queen Elizabeth Hospital, Gates- 
head. ; 

Dr S. Madsen, Argyll and Clyde Health Board. 

Dr P.J. Morris, Addenbrooke’s Hospital, Cambridge. 

Dr M. Navaratnarajah, Croydon HD. 

Dr E. Shanahan, The Adelaide Hospital, Dublin. 

Dr T. Sivalingam, Bolton HD. 

Dr P. Smith, Trent AHA. 

Dr M.P. Tattersall, Princess Margaret Hospital, 
Swindon. 

Major M.C. Thompson, Musgrove Park Hospital, 
Belfast. 

Dr A.A. Tomlinson, North Staffordshire HD. 

Dr K. Tusiewicz, Bloomsbury HD. 

Dr D. McD. Watson, Northern RHA. 

Dr D.M. Watson, West Cumberland Health District. 

Dr C.G. Weston, Solihull HD. 

Dr R.G. Wilkins, University Hospital of South Man- 
chester. 


Spahealth Limited 


This organisation (16 Great College Street, London, 
SWI) has been set up to extend and improve audio- 
visual aids, particularly video tapes, for public and 
professional educational purposes. The parent com- 
pany, Spafax Television, have considerable experience 
in the field which they now intend to extend to 
educational films associated with medicine, health, 
sport and nutrition. Further information can be 
obtained from the company concerned. 


National and local events 


The diary is collated by Dr A. Padfield, Consultant Anaesthetist, Royal Hallamshire Hospital, Sheffield S10 2RX. 
Society secretaries are invited to submit their programmes to him. 


January 1986 

3 FFA Part 3 London. Written papers. 

FFA Part 1/DA (UK) London. Applications due. 

7 Edinburgh & East of Scotland Society of Anaes- 
thetists. Mr Roger Catto, Hospital Budget 
Management. 
Information: Dr D.G. Littlewood, Department of 
Anaesthetics, Royal Infirmary, Edinburgh EH3 
9YW. 

8 Yorkshire Society of Anaesthetists. Professor D. 
Campbell, In Memoriam, Professor D.G. 
McDowall. 


~ 


Information: Dr J.S. Gibson, Department of 
Anaesthetics, Leeds General Infirmary, Leeds LS! 
3EX. 

10 Section of Anaesthetics, Royal Society of Medicine. 
Calcium and Calcium Antagonists. 
Information: Sections Office, RSM, 1 Wimpole 
Street, London WIM 8AE. 

11 Association of Dental Anaesthetists. At St George’s 
Hospital, London. 
Host: Dz Jane Stanford, Department of Anaes- 
thetics, St George’s Hospital, Blackshaw Road, 
London SW17 OQT. 
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14 


15 


16 


17 


24 


30 


Ww 


11 


12 


News and notices 


Reading Anaesthetists. Title to be announced. 
Information: Dr A. Marshall Barr, Department of 
Anaesthetics, Royal Berkshire Hospital, Reading 
RG! SAN. 

Northern Ireland Society of Anaesthetists. Dr M. 
Rosen, Postoperative pain relief —If not now, when? 
Information: Dr J.E. Hegarty, Department of 
Anaesthetics, 97 Lisburn Road, Belfast BT9 7BL. 
Sheffield Anaesthetists. Mr D. Price, Management 
of head injuries. 

Information: Dr N.R. Bennett, Department of 
Anaesthetics, Royal Hallamshire Hospital, 
Sheffield S10 2RX. 

Manchester Medical Society, Section of Anaes- 
thetics. Prof. W.S. Nimmo, Variability in drug 
response in anaesthesia. 

Information: Dr E.E.M. Thompson, Manchester 
Medical Society, University of Manchester, 
Oxford Road, Manchester M13 9PL. 

Liverpool Society of Anaesthetists. Prof. A.A. 
Spence, On the level. 

Information: Dr Anne Florence, Department of 
Anaesthetics, Broadgreen Hospital, Liverpool 
L14 3LB. 

Glasgow & West of Scotland Society of Anaes- 
thetists. 40th Anniversary Dinner. 

Information: Dr D.S. Arthur, Royal Hospital for 
Sick Children, Glasgow G3 8SJ. 

Midland Society of Anaesthetists. Registrar's Prize 
Meeting, George Eliot Hospital, Nuneaton. 
Information: Dr S.M. Mostafa, Department of 
Anaesthetics, Selly Oak Hospital, Birmingham 
B29 6JD. 


February 1986 


FFA Part 3 London, vivas begin. 

Edinburgh & East of Scotland Society of Anaes- 
thetists. Dr J. Wilson, Presidential Address. 
Information: Dr D.G. Littlewood, Department of 
Anaesthetics, Royal Infirmary, Edinburgh EH3 
9YW. 

Sheffield Anaesthetists. Dr R. McNicholl, Useful 
blocks in paediatric anaesthesia. 

Information: Dr N.R. Bennett, Department of 
Anaesthetics, Royal Hallamshire Hospital, Shef- 
field S10 2RX. 

Royal Society of Medicine, Section of Anaes- 
thetics (jointly with Comparative Medicine). The 
evaluation of pain responses. 

Information: Sections Office, RSM, 1 Wimpole 
Street, London WIM 8AE. 

Reading Anaesthetists. Title to be announced. 
Information: Dr A. Marshall Barr, Royal Berk- 
shire Hospital, Reading, Berks RG1 5AN. 
Yorkshire Society AGM. Dr M.M. Burrows, 
Current Medicopolitics. 

Information: Dr J.S. Gibson, Department of 


12 


15 


18 


21 


26 


11 


13 


Anaesthetics, Leeds General Infirmary, Leeds LS1 
3EX. 

Northern Ireland Society. Presidential Address. 
Information: Dr J.E. Hegarty, Department of 
Anaesthetics, 97 Lisburn Road, Belfast BT9 7BL. 
South East Thames Society. At Guy’s Hospital, 
London. 

Information: Dr P.B. Hewitt, Department of 
Anaesthetics, Guy’s Hospital, London SE1 9RT. 
FFA Part 1{DA (UK) Papers London. 
Manchester Medical Society, Section of Anaes- 
thetics AGM. Papers for ICI & Abbott Registrars’ 
Prizes. 

Information: Dr E.E.M. Thompson, University of 
Manchester, Oxford Road, Manchester M13 9PL. 
North East of Scotland Society. Registar’s Papers. 
Information: Dr G. Adey, Department of Anaes- 
thetics, Aberdeen Royal Infirmary, Aberdeen. 
Liverpool Society. Registrar’s Prize Papers. 
Information: Dr Anne Florence, Department of 
Anaesthetics, Broadgreen Hospital, Liverpool L14 
3LB. 

Glasgow & West of Scotland Society. Members’ 
Night. 

Hosts: Division of Anaesthesia, Royal Alexandra 
Infirmary, Paisley. 

Information: Dr D.S. Arthur, Royal Hospital for 
Sick Children, Glasgow G3 8SJ. 


March 1986 


Edinburgh & East of Scotland Society. Members’ 
Night. 

Information: Dr D.G. Littlewood, Department of 
Anaesthetics, Royal Infirmary, Edinburgh EH3 
9YW. 

¥FARCS Part 2 applications due, London. 
Northern Ireland Society. Registrar’s Prize. 
Information: Dr J.E. Hegarty, Department of 
Anaesthesia, 97 Lisburn Road, Belfast BT9 7BL. 
Section of Anaesthetics, Royal Society of Medicine 
(jointly with United Services). High altitude 
hypoxia: rapid and slow acquisition. 

Information: Sections Office, RSM, 1 Wimpole 
Street, London WIM 8AE. 

Reading Anaesthetists. Title to be announced. 
Information: Dr A. Marshall Barr, Department of 
Anaesthetics, Royal Berkshire Hospital, Reading 
RGI SAN. 

Sheffield & East Midlands Society at Sheffield. 
Paediatric Anaesthesia. 

Information: Dr D.F. Baigent, Leicester Royal 
Infirmary, Leicester LE] SWW. 


14-15 Association of Paediatric Anaesthetists at 


Sheffield. 
Information: Dr P. Morris, Royal Manchester 
Children’s Hospital, Manchester M27 IHA. 


14 Northern Ireland Society. Conference & Annual 
Dinner. 

Information: Dr J.E. Hegarty, Department of 
Anaesthetics, 97, Lisburn Road, Belfast BT? 7BL. 

15 Midland Society & Society of Anaesthetists of 
Wales at Worcester. 

Information: Dr S.M. Mostafa, Department of 
Anaesthetics, Selly Oak Hospital, Birmingham 
B29 6JD. 

17 FFA Part}DA (UK) vivas begin, London. 

19 Faculty Anniversary Forum. Ethics and medico 
legal matters. Joseph Clover Lecture. 

Information: Secretary, Faculty of Anaesthetists, 
35/43 Lincoln’s Inn Fields, London WC2A 3PN. 

20 Current Trends in Chronic Pain Relief at St 
Bartholomew’s Hospital. 

Information: Dr J.M.G. Foster, Department of 
Anaesthetics, St Bartholomew's Hospital, London 
ECIA 7BE. 

20 Manchester Medical Society, Section of Anaes- 
thetics; joint meeting with Liverpool Society. Dr B. 
Pollard, Mixing relaxants. Dr J. Campbell, Meta- 
bolic aspects of feeding. 

Information: Dr E.E.M. Thompson, University of 
Manchester, Oxford Road, Manchester, M13 9PL. 

21 North of England Society of Anaesthetists. Dr 
Felicity Reynolds, Placental drug transfer. 
Information: Dr J.E. Charlton, Department of 
Anaesthetics, Royal Victoria Infirmary, Newcastle 
upon Tyne NEI 4LP. 

22 Yorkshire Society. All day meeting at Pontefract 
Hospital. 

Information: Dr J.S. Gibson, Department of 
Anaesthetics, Leeds General Infirmary, Leeds LSI 
3EX. 

22 Edinburgh & East of Scotland Society. Dinner 
in the Students’ Union. 

Information: Dr D.G. Littlewood, Department of 
Anaesthetics, Royal Infirmary, Edinburgh EH3 
SYW. 

26 Glasgow & West of Scotland Society. Dr G.W. 
MacNab, Presidential Address. 

Information: Dr D.S. Arthur, Royal Hospital for 
Sick Children, Glasgow G3 85J. 


April 1986 

7-25 Faculty of Anaesthetists, London. Course on 
Anaesthetics for Part 3 FFARCS, 
Information: Courses Assistant, Faculty of Anaes- 
thetists, 35/43 Lincoln’s Inn Fields, London 
WC2A 3PN. 

8-10 Junior Anaesthetists’ Group. AGM and Annual 
Scientific Meeting at Cardiff. 
Information: Association of Anaesthetists, 9 
Bedford Square, London WC1 3JH. 

8-9 West Midlands Intensive Care Group. 6th Annual 
Meeting at Wyddrington Hall. 
Guest Speaker: Dr Margaret Branthwaite. 
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Information: Miss M.C. Wood, Postgraduate 
Medical Centre, East Birmingham Hospital, 
Birmingham B9 SST. 

8-9 Blood Flow Group, Biological Engineering 
Society. Obstetric & Neonatal Blood Flow. KCH. 
Information: Biological Engineering Society, 
Royal College of Surgeons, 35/43 Lincoln’s Inn 
Fields, London WC2A 3PN. 

9 Sheffield Anaesthetists. Dr J.F. Nunn.. 
Information: Dr N.R. Bennett, Department of 
Anaesthetics, Royal Hallamshire Hospital, Shef- 
field $10 2RX. 

9 Northern Ireland Society. AGM and Dr D.L. 
Coppell, High frequency ventilation (film). 
Information: Dr J.E. Hegarty, Department of 
Anaesthetics, 97 Lisburn Road, Belfast BT9 7BL. 

9 Reading Anaesthetists. Title to be announced. 
Information: Dr A. Marshall Barr, Department 
of Anaesthetics, Royal Berkshire Hospital, 
Reading RGI SAN. 

11~12 Intensive Care Society. Spring Meeting at 
Newcastle upon Tyne. 

Information: Dr D.W. Ryan, Freeman Hos- 
pital, Newcastle upon Tyne NE7 7DN. 

11-12 Anaesthetic Research Society at Leeds. 
Information: Dr A.R. Aitkenhead, University 
Department of Anaesthetics, Leicester Royal 
Infirmary, Leicester LE1 SWW. 

16 FFARCS Pt 2 papers, London. 

17 FFARCS Pt 3 applications due, London. 

17 Manchester Medical Society, Section of Anaes- 
thetics. Out of Town Meeting, Lancaster Royal 
Infirmary. Symposium on Pain Relief, Dr A. 
Kilpatrick, Acupuncture. 

Host: Dr M.A. Rucklidge, Department of Anaes- 
thetics, Lancaster Royal Infirmary, Lancaster 
LAI 4RP. 

Information: Dr E.E.M. Thompson, University of 
Manchester, Oxford Road, Manchester M13 9PL. 

18 Section of Anaesthetics, Royal Society of Medicine. 
Prof. M.J. Cousins (Flinders Univ.), Hepato- 
toxicity of halothane: an enigma of drug toxicity. 
Information: Sections Office, Royal Society of 
Medicine, 1 Wimpole Street, London W1M 8AE. 

19 North of England Society. Symposium: Title to be 
announced. 

Information: Dr J.E. Chariton, Department of 
Anaesthetics, Royal Victoria Infirmary, Newcastle 
upon Tyne NE1 4LP. 

22 Glasgow & West of Scotland Society of Anaes- 
thetists. AGM. 

Information: Dr D.S. Arthur, Royal Hospital for 
Sick Children, Glasgow G3 8SJ. 

25-27 Scottish Society of Anaesthetists. Annual 
Meeting at Peebles Hotel Hydro. 

Information: Dr W.F.D. Hamilton, Department of 
Anaesthesia, Ninewells Hospital, Dundee DD2 
9SY. 
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28 Wessex Anaesthetic Club. Prof. W.S. Nimmo, 
New directions in the administration of analgesics 


after surgery. 


Information: Dr D.V. Rutter, Shackleton Depart- 
ment of Anaesthetics, Southampton General 
Hospital, Southampton SO9 4XY. 


International congress calendar 


1986 


17-20 January. Long Beach, California. 2nd 
Anaesthesia and the Law Symposium. 
Information: The Ohio State University Hospital, 
Department of Anesthesiology, 410 West 10th 
Avenue, Columbus, Ohio 43210, USA. 
27-30 Jammary. Florida. Medical Management of the 
Surgical Patient. 
Information: Catherine Sentman, Program Co- 
ordinator, Office of Continuing Education, Turner 
22, 720 Rutland Avenue, Baltimore MD 21205, USA. 
1-2 February. Nagpur, India. Second Annual Con- 
ference of the Indian Society for Study of Pain. 
Information: Dr S. Shrirao, Organising Secretary, 
Choti Dhantoli, Nagpur 440012, India. 
1-8 February. Vail, Colorado. 12th Annual Vail Con- 
ference in Anesthesiology. 
Information: Professional Seminars, PO Box 012318, 
Miami, Fl. 33101, USA. 
5-7 February. Groningen, The Netherlands. Inter- 
national symposium on, The intensive care unit—A 
cost-benefit analysis. 

Information: Dr D.R. Miranda, Director, ICU, 
University Hospital, Groningen, The Netherlands. 
5-8 February. Melbourne, Australia. 8th annual 

Scientific Meeting of Australian Pain Society. 
Information: Dr T.F. Little, Pain Management 
Centre, Royal Southern Memorial Hospital, 260 
Kooyong Road, Caulfield 3162, Victoria, Australia. 

8-15 February. Vail, Colorado. Vail Symposium in 

Intensive Care. 

Information: Professional Seminars, PO Box 012318, 
Miami, Florida 33101, USA. 

9-13 February. Waikiki, Hawaii. 14th Obstetric Anes- 

thesia Conference. 
Information: The Ohio State University Hospital, 
Department of Anesthesiology, 410 West [0th 
Avenue, Columbus, Ohio 43210, USA. 

14-15 March. Basel, Switzerland. Anaesthesia and In- 

tensive Care for Infants and Children. 6th Myron B. 

Laver International Postgraduate Course. 

Information: Secretariat, Department of Anaes- 
thesia. University of Basel/Kantonsspital, CH-4031 
Basel, Switzerland. 

15-19 March. Las Vegas, Nevada. 60th Congress of 

the International Anesthesia Research Society. 
Information: Emerson A. Moffitt, MD, Inter- 
A national Anesthesia Research Society, 3645 Warrens- 


ville Center Road, Cleveland, Ohio 44122, USA. 
15-22 March. Flims, Switzerland. 7th International 
Symposium on anaesthesia, reanimation and intensive 
care. 
Information: Prof. Dr Ingrid Podlesch, Universitats- 
Klinik für Kiefer und Plastische Gesichtschirurgie, 
Moorenstrasse 5, D-4000 Düsseldorf, Germany. 
17-20 March. Vail, Colorado. 6th Medical Monitoring 
Technology Conference. 
Information: The Ohio State University Hospital, 
Department of Anesthesiology, 410 West 10th 
Avenue, Columbus, Ohio 43210, USA. 
23-27 March. Cape Town. South African Society of 
Anaesthetists. 
Information: Dr Roger E. Thornington, 1986 SASA 
Congress, Department of Anaesthetics, Medical 
School, Observatory 7925, South Africa. 
23-28 March. Vail, Colorado. 13th Neonatal and 
Infant Respiratory Symposium. 
Information: The Ohio State University Hospital, 
Department of Anesthesiology, 410 West 10th 
Avenue, Columbus, Ohio 43210, USA. 
15-18 April. Brussels. Sixth International Symposium on 
Intensive Care and Emergency medicine. 
Information: Dr J.L. Vincent, Department of In- 
tensive Care, Erasmus University Hospital, Route de 
Lennik 808, 1070 Brussels, Belgium. 
26-30 May. Washington, DC. Annual Meeting 
American Society of Critical Care Medicine. 
Information: SSCM, 223E, Imperial Way, Suite 110, 
Fullerton, CA 92635, USA. 
28 May-3 June. Gothenburg and Stockholm. Associa- 
tion of Paediatric Anaesthetists and Swedish Society 
of Anaesthetists Joint Congress on Paediatric Anaes- 
thesia and Intensive Care. 
Information: Dr B. Ekstrom Jodal, Anestesiav- 
delning, Ostrajukhuset, Gothenburg, Sweden. 
11-14 June. Hamburg. 3rd European Congress on 
Intensive Care Medicine. 
Information: Hamburg Messe und Congress, GmbH, 
Postfach 30 24 80, D-2000, Hamburg 36, Fed. 
Rep. Germany. 
14-21 June. Cannes, France. American and European 
Views on Critical Care. 
Information: N.W. Brian Craythorne, Department 
of Anesthesiology, PO Box 016370, Miami, Florida 
33101, USA. 
19-22 June. Barcelona, Spain. 8th Annual Meeting of 
European Academy of Anaesthesiology. 
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Information: Prof. M.A. Nalda-Felipe, Department 
of Anesthesiology, Hospital Clinico, Facultad de 
Medicina, Villarroel 170, 08036 Barcelona, Spain. 
24-27 June. Dublin. Third European Congress of 
Obstetric Anaesthesia and Analgesia. 
Information: Congresses and Expositions Ltd, 44 
Northumberland Road, Dublin 4, Ireland. 
27-30 August. Rotterdam, The Netherlands. First 
European Congress of Paediatric Anaesthesia. 
Information: Dr H.J. Manschot, Department of 
Anesthesiology, Sophia Children’s Hospital, Gordel- 
weg 160, 3038 GE Rotterdam, The Netherlands. 
2—6 September. Malmo, Sweden. Fifth Congress of the 
European Congress of Regional Anaesthesia. 
Information: Anestesikliniken, Malmo Allmanna 
Sjukhus, $ 21401 Malmo, Sweden. 
3-6 September. Rotterdam, The Netherlands. Fourth 
International Symposium on Computing in Anaesthesia 
and Intensive Care. 
Information: Omar Prakash, MD, Thorax Centrum, 
PO Box 1738 3000 DR Rotterdam, The Netherlands. 
7-13 September. Vienna. 7th European Congress of 
Anaesthesiology. 
Information: Professor K. Steinbereithner, Spital- 
gasse 23, A-1090 Vienna, Austria. 
16-19 September. Haifa, Israel. /4th International 
Congress of the Israel Society of Anesthesiologists. 
Information: Congress Secretary, PO Box 50006, Tel 
Aviv 61500, Israel. 
18-19 September. London, England. Annual Scientific 
Meeting of the Association of Anaesthetists of Great 
Britain and Ireland. 
Information: The Honorary Secretary, Association 
of Anaesthetists of Great Britain and Ireland, 9, 
Bedford Square, London, WC! B3RA. 
27-30 November. Grenoble, France. 4th International 
Conference on Disaster Medicine. 
Information; Ste Intern, Medecine de Catastrope, 
PO Box 59, CH 1213, Petit Lancy 2, France. 


1987 
7-9 May. Paris. VI Annual Meeting of the European 
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Society of Regional Anaesthesia. 
Information: MAPAR, Departement d’Anesthesi- 
ologie, Hopital de Bicetre, 94270 Kremlin-Bicetre, 
France. 
20-23 July. London, England. 2nd International Sym- 
posium on The History of Anaesthesia. 
Information: Secretariat. A Symposium on the 
History of Anaesthesia, Association of Anaesthetists 
of Great Britain and Ireland, 9, Bedford Square, 
London, WC1B 3RA. 
23-25 July. Oxford, England. 50th anniversary 
of the founding of the Nuffield Department of Anaes- 
thetics. 
Information: Nuffield Department of Anaesthetics, 
Department GP/87, Radcliffe Infirmary, Oxford 
OX2 6HE. 
2-7 August. Hamburg, West Germany. Vth World 
Congress on Pain. 
Information: Vth World Congress on Pain, c/o Ham- 
burg Messe und Congress GmbH, Congress 
Organization, Postfach 30 24 80, 2000 Hamburg 36, 
West Germany. 
10-11 September. Sheffield, England. Annual Scientific 
Meeting of the Association of Anaesthetists of Great 
Britain and Ireland. 
Information: The Honorary Secretary, Association of 
Anaesthetists of Great Britain and Ireland, 9, 
Bedford Square, London, WCIB 3RA. 


1988 


22-28 May. Washington, DC. 9th World Congress of 
Anaesthesiology. 
Information: American Society of Anesthesiologists, 
515 Busse Highway, Park Ridge, Illinois 60068, USA. 
15-16 September. Southampton, England. Annual 
Scientific Meeting of the Association of Anaestheists of 
Great Britain and Ireland. 
Information: The Honorary Secretary, Association 
of Anaesthetists of Great Britain and Ireland, 
9, Bedford Square, London WCIB 3RA. 
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1. Membership of the Association 


The total membership of the Association is 5257 
(5011). 


Honorary 29 27 
Ordinary 2186 (2215) 
Junior 1719 (1539) 
Corresponding 35 (36) 
Overseas 991 (917) 
Retired 264 (242) 
Senior 19 (20) 
Associate 14 (15) 


(Last year’s figures in brackets.) 


There were 46 resignations during the year. 


Deaths 


Council records with regret the death of the following 
members: 


Anning, R. (Harrogate), Ball, H. (Ringwood), Belsham, 
Brig. W.F. (Kent), Berney, Jill (Suffolk), Blazeby, H. 
(Canterbury), Bretherton, K.W. (S. Africa), Clayton, 
R.B. (Bucks.), Coleman, E.R. (London), Cuthbert, T.D. 
(Manchester), Frost, J.L. (Plymouth), Hawksley, 
Margaret (Wilts.), King, R. (Sheffield), McDowall, 
D.G. (Leeds), McErvel, C. (Belfast), McVey, A. (New- 
castle, Staffs.), Miller, A.G. (Helensburgh), Odell, J.R. 
(Hampshire), Ordish, Pamela (Warks.), Scriven, W.H. 
(Surrey), Steele, G.C. (London), Tracey, R.A.J. 
(Newry). 


2. John Snow Silver Medal 


Council recommended the award of the John Snow 
Silver Medal to: 
e 
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Professor T.J. Gilmartin, Professor of Anaesthesia, 
Dublin. 


3. Honorary Membership 
Council recommended for election to Honorary Mem- 
bership: 
Dr G. Jackson Rees. Consultant Anaesthetist, Alder 
Hey Children’s Hospital, Liverpool. For distinguished 
services to paediatric anaesthesia. 


4. Pask Certificates of Honour 


Council recommended the award of Pask Certificates 
to: 


Prof. Dr Med. Deitrich F. Kettler (Gottingen), Prof. 
Dr Med. Horst O. Stéeckel (Bonn), Dr W. Maurice 
Brown (Belfast), Dr Margaret L. Heath (London), Cyril 
Jones Esq., Senior Operating Department Assistant 
(East Grinstead). 


5. Annual Scientific Meeting of the Association—Exeter 
20-21 September 1984 


The Annual Scientific Meeting was held in the Great 
Hall of the University of Exeter. A full scientific and 
social programme had been organised by the local Com- 
mittee of Exeter anaesthetists. There were some 500 
registrants. The John Snow Lecture ‘Today’s Pollution 
of the Parish Pump’, was delivered by Dr Michael 
O’Donnell, medical writer and broadcaster. 

A candlelit concert in Exeter Cathedral by the 
Academy of St Martin’s in the Fields, was particu- 
larly memorable. 
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The Annual Dinner was also held in the University 
in the company of many distinguished guests. 


6. Annaal General Meeting 1984 


This was held in the Great Hall of Exeter University 
on Friday, 21 September 1984 with the President, 
Professor M.D. Vickers, in the Chair. Over 150 
members were present. 

Honorary Membership was conferred on Professor 
H. Lehmann, Professor Emeritus of Clinical Chemistry, 
University of Cambridge. Dr W.D. Wylie, Past Presi- 
dent of the Association was unanimously elected to 
Honorary Membership. Dr C.F. Scurr, CBE, MVO, 
was awarded the John Snow Silver Medal. Pask Certifi- 
cates were awarded to Dr Patricia Coyle, Uganda, 
Dr W.D.A. Smith, OBE, (Leeds), and Dr H. Grant- 
Whyte, (South Africa). 

The Minutes of the Meeting have been circulated 
to all members. 


7. Linkman Conference 1984 


The Ninth Annual Linkman Conference was held on 
19 September 1984 with the President in the Chair. 
Information was given to Linkmen about the purchase 
of, and appeal for, 9 Bedford Square, and a lively 
discussion ensued. Other topics covered by the Con- 
ference were ‘Workload of Consultants in Hospitals 
with reduced Junior staff’, ‘Anaesthesia in isolated 
situations in the UK’, ‘References in the NHY, 
‘Mortality’ and ‘Study Leave’. 

A detailed report of the Conference has been circu- 
lated to Linkman and published in Anaesthesia. 


8. Administration for Anaesthetists 


A one-day course for anaesthetists on administration 
was held on 12 January 1985 at the Royal College 
of Surgeons. It was attended by about 140, mainly 
younger consultants and senior registrars. Topics 
covered the work of the Faculty and the Association— 
the Regional Committees—and the needs and organisa- 
tion of the departments of anaesthetics in the District 
General Hospital. 


9. Joint Scientific Meeting with the German Society 
of Anaesthetists—Bonn, 15/19 May 1985 


A most successful joint meeting of members of this 
Association and the German Society of Anaesthetists 
was held in Bonn on 16 and 17 May 1985. The scien- 
tific sessions were held with two-way simultaneous 
translation, and covered a wide range of British and 
German views on current topics of anaesthesia and 
intensive care. There were about 300 German delegates 
and about 100 from the UK. 

Professor H. Stoeckel, the local organiser, and Pro- 
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fessor F. Kettler, President of the German Society 
were awarded Pask Certificates. Dr T.B. Boulton, 
President, Professor G. Smith, Joint organiser of the 
Scientific Programme and Dr M.T. Inman, Honorary 
Secretary, were made Corresponding Members of the 
German Society. 

An excellent social programme was completed by 
a memorable day on the Rhine. 


10. Future meetings 
Association Meetings , 


1985—Postgraduate Study Day, 19 October 1985, 
Royal College of Surgeons. 
1986—Junior Anaesthetists’ Group Linkman Con- 
ference and Annual Scientific Meeting 8/10 April 
1986, Cardiff. 
—Association Linkman Conference, 17 September 
1986, London. 
—Annual Scientific Meeting & Exhibition, 18/19 
September 1986, City University, London. 
1987—Junior Anaesthetists’ Group Linkman Con- 
ference and Annual Scientific Meeting, March/ 
April 1987, Belfast. 
—Association Linkman Conference, 9 September 
1987, Sheffield. 
—Annual Scientific Meeting & Exhibition, /0/J1 
September 1987, Sheffield. 
1988—Junior Anaesthetists’ Group Linkman Con- 
ference and Annual Scientific Meeting, March/ 
April 1988, Nottingham. 
—Association Linkman Conference, 14 September 
1988, Southampton. 
—Annual Scientific Meeting & Exhibition, 15/16 
September 1988, Southampton. 


Sponsored Meetings 


1987—2nd International Symposium on the History 
of Anaesthesia, 20/23 July 1987, London. 


Other Meetings 


1986—7th European Congress of Anaesthesiology 
(WFSA), 7/13 September 1986, Vienna. 
—7th Asian/Australasian Congress of Anaes- 
thesiology (WFSA), 20/25 September 1986, 
Hong Kong. 
1988—9th World Congress of Anaesthetists (WFSA), 
22/28 May 1988, Washington, DC. 


11. Council 


During the year October 1984-September 1985, Coun- 
cil and its Advisory Committee have each met on four 
occasions. The attendance of members at Council and ; 
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its subcommittees and working parties is shown in 
Appendix A. 

Council wishes to express its appreciation of the 
work done in its offices by Miss Ann Muir, Adminis- 
trative Secretary, by Mrs Betty Tyler, her assistant, 
and by Miss Pat Plant, the Financial Assistant. The 
contribution of our Financial Adviser, Mr Ernest War- 
burton, continues to be most beneficial and Council 
are very grateful to him for his extensive and purely 
voluntary efforts. 

Retiring from Council this year will be Dr W.R. 
MacRae, who, as Honorary Secretary, has worked 
extremely hard for the Association, and has made 
a particular contribution with the installation of a 
computer system for the membership list and a word- 
processor for the records of the Association. Both 
he and Dr Jean Horton have been proposed as Vice- 
Presidents of the Association. 

Four elected members of Council retire after serving 
for four years. Dr E.A. Cooper, Dr J.M. Law- 
son, Dr J.M. Leigh and Dr J.S. Crawford. All have 
served Council in many ways on its working parties 
and subcommittees have earned Council’s gratitude. 

(i) Premises for the Association. Three subcommittees 
have been set up to be responsible to Council for 
the development of 9 Bedford Square, a Fund Raising 
Committee, a House Committee and a Furnishing 
Working Party. The House Committee is charged with 
commissioning 9 Bedford Square and the subsequent 
maintenance and management of the fabric furnishing 
and function of the new Headquarters of the Associa- 
tion. The Furnishing Working Party has been formed to 
deal with the initial task of choosing and obtaining 
furniture uner the Chairmanship of Dr M. Rosen, 
who is also Chairman of the Appeals Committee. 

The extensive renovations to the listed building under 
the direction of the architects, Shankland Cox, will 
be completed by the end of September 1985, and it 
is proposed that the Secretariat will transfer to Bed- 
ford Square in late October or early November 1985. 
The postal address of the Association from 1st Decem- 
ber 1985 will then be 9 Bedford Square, London WC1B 
3RA and the telephone number (01) 631 1650. The 
lease of the present suite in Tavistock House runs 
until the end of the year; the overlap will facilitate 
an easy transfer, 

The General Office, the adjacent Reception Area 
and the Hall will be fully furnished by the time the 
Secretariat moves. The rest of the building will be 
curtained and carpeted and the present furniture from 
Tavistock House will be put to use in the Committee 
Room and other working offices. Furniture will be 
carefully selected and purchased for the principal public 
rooms, including the Members’ Room and the Council 
Room during 1986. Council is profoundly grateful 
for offers of furniture from a numbr of societies, 
departments of anaesthesia and other organisations 

connected with anaesthesia, in addition to individual 


donors. We particularly wish to express thanks to 
the British Journal of Anaesthesia who have donated 
the furnishing of the Library, to the Obstetric Anaes- 
thetists’ Association for the gift of a beautiful sculpture 
by Jonah Jones for the Reception Area, and to the 
Australian Society of Anaesthetists for the offer of 
a contemporary Australian painting. 

The Official Opening Ceremony will take place in 
the Spring of 1987. A Working Party charged with 
the task of organising this event has been formed 
under the Chairmanship of Dr M. Rosen, the nominee 
of Council for the office of President for 1986/88. 

Gi) Postgraduate Study Day. Using the same success- 
ful formula, the Association has again collaborated 
with the Faculty of Anaesthetists for a Postgraduate 
Study Day. Some 500 anaesthetists attended the Royal 
College of Surgeons, at which 18 lectures were delivered. 


12. Linkman Organisation 


The Linkman organisation remains a most useful 
method of communication with each and every Depart- 
ment of Anaesthetics. Following last year’s Conference 
attended by some 140 Linkmen, it was stressed that 
we would like to achieved one representative from 
each department at the Conference. The next date 
was given and deputies are encouraged to attend if 
the Linkman is unable to come. 

Council have prepared a proforma and guidelines 
for References in the NHS which are available on 
request. 

Many individual matters are dealt with by letter 
and telephone from the Linkmen to the Secretariat 
and Honorary Secretary. 


13. Research and Education Committee 


The annua! budget of this committee (Chairman, Dr 
E.A. Cooper) is of the order of £30000-£35000. It 
is important that in this year of purchase and re- 
furbishment of 9 Bedford Square, Council has agreed 
that there will be no reduction of expenditure for 
purposes of research and education. 

Dr Fiona McLennan has resigned from the Associa- 
tion’s Research Fellowship. An advertisement for the 
next Fellowship will appear shortly. During this last 
year four out of seven applications for Travel Grants 
were successful. Five out of six requests for Research 
Grants were also met wholly or in part. 

According to the current regulations, travel grants 
are limited to £250 and are not given to people going 
overseas to take up employment. The committee has 
made proposals for a review of the current limit and 
the creation of another type of award to provide finan- 
cial help to members who are going overseas to take 


up a clinical or teaching post in developing countries. 


14. Safety Committee 


The Safety Committee (Chairman, Dr P.W. Thompson) 
met on 27 July 1984 and 15 March 1985. Major items 
which have been discussed and resolved satisfactorily 
included the future of servicing arrangements for TEC 
II vaporizers and Boyle anaesthetic machines, types 
G, H, K and L, and future plans for the continua- 
tion of the DHSS’s evaluation reports. 

The committee noted with genuine satisfaction the 
establishment by the British Standards Institution of 
a Health Care Committee to ‘control the working 
of the technical committees in the Health Care Industry 
and to take such action as may be considered appro- 
priate for furthering standardisation’. This is leading 
to a great improvement in the coordination of per- 
formance, general safety and electrical safety require- 
ments. 

A further matter of considerable importance is the 
question of earth-free power supplies and double-pole 
fusing etc. in operating theatres; discussion on this 
matter is being continued at the committee’s next 
meeting. 


15. International Relations Committee 


The International Relations Committee (Chairman, 
RJ. Eltringham) met on two occasions during the 
past year, directing much of its attention to the training 
of anáesthetists in developing countries and, in par- 
ticular, to helping them to become self-reliant. Our 
outstanding commitments. were, in the most part, ful- 
filled and, in addition, several new enterprises were 
undertaken. 

Dr Inman returned to Nepal early in 1985 to deliver 
a training course in anaesthesia to government- 
sponsored medical officers in and around Kathmandu. 
He was joined by a technician from Plymouth who 
was able to advise on the purchase, maintenance and 
servicing of apparatus. The anaesthetic service there 
is continuing to develop slowly and a local D.A. 
examination has now been established, but further 
visits will be required if momentum is to be main- 
tained. 

The benefit of helping developing countries to be- 
come self-sufficient in anaesthesia training is well illus- 
trated by the situation in the Sudan. The British Council 
sponsored training link between the Universities of 
Bristol and Khartoum continues to flourish. The 
status of anaesthesia in the medical community there 
has clearly been enhanced and local graduates of high 
calibre are beginning to emerge. In the recent Master- 
ship examination, seven out of eight candidates were 
successful and our thanks are due to Dr A. Black 
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and his colleagues from Bristol for their great efforts 
in helping achieve this satisfactory state of affairs. 

We have been successful in obtaining help for the 
Department of Anaesthesia at the University of Lusaka 
in Zambia. Dr R. Sinclair is due to commence a one 
year appointment as Senior Lecturer in 1985, top-up 
financial support coming from the British Council 
and the Research and Education Committee. It is 
hoped to repeat this annually, and suitable lecturers 
to succeed Dr Sinclair are being sought. 

Efforts to send a lecturer to Uganda to assist Dr 
Patricia Coyle have so far proved unsuccessful. Arrange- 
ments were well advanced for Dr Lavelle to undertake 
this assignment for a year, but these were thwarted 
by administrative and political considerations. Our 
efforts continue to find a suitable deputy. Meanwhile, 
Dr Lavelle has gone to Ethiopia where his expertise 
is sorely needed. 

The visit of Dr Horning as part of the cultural 
agreement with the German Democratic Republic was 
scheduled for early 1985. This was postponed at her 
request, but will take place later in the year, to be 
followed by further British visits to the German Demo- 
cratic Republic. 

During the past year, additional requests for help 
with training programmes have been received from 
the Universities of Kumasi (Ghana) and Harare (Zim- 
babwe), and a positive response to these challenges 
is planned. It is gratifying to note that there seems 
to be an ever-increasing demand for the services of 
British-trained anaesthetists throughout the world, and 
the next year promises to be on- of great activity. 


16. Editorial Board 


The Editorial Board (Chairman, Dr PJ. Helliwell) 
met on two occasions. The contract with our publishers 
became due for renegotiation and possible renewal 
by 1 January 1985. Tenders were received from other 
publishing houses, but, after full enquiry, it was decided 
that a further period of four years should be agreed 
between ourselves and Academic Press. This agreement 
was signed in October 1984 to commence on | January 
1986. 

There have been several changes in staff at Academic 
Press, and the Board would like to record their thanks 
to Miss Jenny Bruce (advertising), whose place has 
been taken by Miss Joy Clarke. Miss Jackie Jones, 
our technical subeditor at Academic Press, has left 
the firm and her place has been taken by Dr Sue 
Silver. 

Dr Aileen K. Adams, elected member of the Board, 
has retired after a number of years of valuable service. 

Dr I.M. Corall (Kings), completed a period of service 
as assistant editor, for which the Board is grateful. 
The Board is pleased to welcome Dr R.M. Jones 
(Guy’s), who has taken his place. 
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17, Finance Committee 


The Finance Committee (Chairman, Dr M. Rosen) 
has continued to oversee the finances of the Association 
during 1984/85. Having held the subscription rate last 
year, it was now recognised that it was going to be 


necessary to propose to the AGM that the rate for 


Ordinary members will be £60 p.a. 

Funding of 9 Bedford Square has required a planned 
realisation of investments and this has proceeded in 
line with previous projections. Consideration has been 
given to the future distribution of finance within the 
Association in view of the many educational, safety 
and research activities of departments of the Asso- 
ciation, and a charitable company will replace the 
Research and Education Trust. 


18. Private Practice Committee 


During the year, the Private Practice Committee 
(Chairman, Dr M.T. Inman) has been in discussion 
with BUPA. Topics have included the level of the 
anaesthetic fees for general anaesthesia and for special 
procedures in chronic pain work. It was estimated 
by the committee, that the guidelines published by 
the Association would have been held for 2 years, 
and that in January 1986, rises broadly in line with 
inflation would probably be recommended. This was 
noted by BUPA, who have indicated that difficulties 
in separating benefit still remain. A considerable 
number of queries regarding the conduct of private 
practice and the setting up of group practice schemes 
are received. 


19. Junior Anaesthetists’ Group 


The JAG group (Chairman, Dr Wendy Scott) has 
continued to grow in numbers and in political aware- 
ness over the past year. The total number of Juniors 
now stands at 1720. 

The Annual Scientific Meeting was held this year 
in Manchester at the end of March. It was a good 
meeting and the local organising committee is to be 
commended for its work in arranging such an excellent 
scientific and social programme. The standard of papers 
for the Registrar’s Prize was even higher than in pre- 
vious years. ‘Ohmeda’ has kindly agreed to sponsor 
this prize for 5 years in the first instance. 

The JAG Committee welcomed three new members 
elected at the 18th Annual General Meeting on 29 
March 1985 in Manchester. 

Practically, the JAG Committee has produced The 
Career Guide issued in September 1984 which replaced 
an earlier Career Guide produced by this committee. 
This was mainly the work of Dr P. Bickford Smith 
and Dr T.B. Boulton. 

Dr W. Hamlin sent out a questionnaire to all 
Senior Registrars concerned with job conditions and 
= 


change in on-call patterns. The results of this question- 
naire were presented at the AGM. Dr Hamlin is to 
be congratulated on his work and excellent presenta- 
tion. It is hoped that these results will be published. 

Dr A. Nicholl, together with Dr T.B. Boulton 
and ‘Ohmeda’, has produced new display material 
for exhibition at Careers Fairs. This is aimed mainly 
at medical students and has already been seen in Cardiff 
and Manchester. 

The main achievement over the past year is the 
establishment of a Junior Linkman network. The first 
Junior Linkman Conference was held in Manchester 
on the morning of the start of the Annual Scientific 
Meeting. Dr Nicholl is the Junior Linkman Co- 
ordinator and has already sent out his first Junior 
Linkman Newsletter. 

The JAG Committee welcomes the opportunity the 
Junior Linkman Scheme will provide to hear the views 
of its members, and will be better able, in the future, 
to represent these views to Council. 

There was a meeting for Doctors with Domestic 
Commitments held in Reading on 15 June 1985. 
The idea and some of the organisation was done by 
the JAG Committee. It was a useful meeting, attended 
by eighty people. 

The numbers of Committees of Council and other 
Committees on which there is now Junior representa- 
tion has increased. The Juniors welcome this and try 
to provide constructive input and to represent their 
Junior colleagues. 

The JAG Committee acknowledges with gratitude, 
the continued support and help it has from Council’s 
representative, Dr T.B. Boulton. 


20. Confidential Enquiry into Pert-operative Deaths 


Considerable progress has been made on this combined 
study between the Association of Anaesthetists of Great 
Britain and Ireland and the Association of Surgeons 
of Great Britain and Ireland. The protocol was pub- 
lished in November 1984, with widespread support 
from very many clinical institutions, including the 
Royal Colleges of Surgeons, Obstetricians and Gynae- 
cologists. Physicians and the Faculties of Anaesthetists 
and of Dental Surgery. A pilot study was started in three 
districts (Exeter, Darlington and the Middlesex Hos- 
pital), and good responses have been achieved. Mean- 
while, the three clinical coordinators have travelled 
to many individual hospitals in the three regions to 
be studied (South Western, Northern and North East 
Thames), with the intention that every district shall 
be visited before the start of the study. There is con- 
siderable interest and enthusiasm for the venture, 
although individual reservations are, of course, to be 
respected. 

Assessors, nominated by supporting bodies and other 
organisations, have been briefed at a series of meetings 
and the questionnaire has been reviewed and revised 
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in the light of comments. More than 200 individuals 
have agreed to take part as assessors and their names 
will be published shortly. 

The working party has met on two occasions to 
oversee the activities of the coordinators, and has 
approved the final design of the questionnaire, whilst 
recognising that it is unlikely to satisfy all participants. 
Supplementary notes to the protocol have been pub- 
lished. Professor J. McColl has resigned from the work- 
ing party and his place has been taken by Professor 
A. Johnson (Sheffield). 


21. Working Parties 


Specialist Anaesthetic Societies. A meeting with 
the Specialist Societies in Anaesthesia and Intensive 
Care, was held in November 1984. The meeting was 
attended by a representative of the newly formed Society 
of Cardiothoracic Anaesthetists. Problems of mutual 
interest, including dates of meetings and communi- 
cation were discussed. 

References in the NHS. During the year, the Working 
Party on References in the National Health Service 
has published its code of good practice, and a pro- 
forma for any members who wish to use them. These 
are avilable at the Association offices. 

Recovery Facilities. The Working Party met several 
times during the year and has prepared a document 
on recovery facilities. The document contains advice 
on basic recovery facilities, the purpose-built recovery 
room and on the training of recovery room staff. 
It is designed to assist members to improve their own 
recovery facilities and meet the up-dated requirements 
of the Hospitals Recognition Committee. The docu- 
ment will be available shortly from the Association 
offices. 

Hospital Visiting. A request has been received from 
the Junior Anaesthetists’ Group for the Association 
to issue guidelines to candidates for posts at all levels 
on the question of hospital visiting both before and 
after the short-listing procedure. 

A Working Party has been set up to consider the 
preparation of a Code of Good Practice on this subject. 
Following the first meeting of this Working Party, 
letters were sent to all Linkmen and the problem will 
be discussed in the Open Forum of the forthcoming 
Linkman Conference on 11 September, prior to the 
next meeting of the Working Party. 

2nd International Symposium on the History of Anaes- 
thesia—1987. The Symposium will be sponsored by 
the Association. It will be held at the Royal College 
of Surgeons of England, Lincoln’s Inn Fields, London 
WC2, from 20/23 July 1987. 

The Organising Committee is under the Chairman- 
ship of Dr T.B. Boulton. Dr M. Rosen is Honorary 
Treasurer, Dr P. Baskett, Secretary-General and 
Dr P.J.F. Thompson, Dr RH. Ellis and Dr RS. 
Vaughan are responsible for the Scientific Pro- 
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gramme, the Social Events and the Technical Exhibition 
respectively. 

Plans for the Symposium are now well advanced 
in all areas and there has been considerable support 
from overseas. The principal task of the Committee 
in the year akead will be one of active promotion 
in preparation for the receipt of initial registrations 
early in 1987. The Organising Committee looks forward 
to support from the Society for the Study of the History 
of Anaesthesia, which is to hold its inaugural meeting 
during the 1985 Annual Scientific Meeting. 


22. Monospecialist Committee for Anaesthesia and 
Resuscitation of the European Union of Medical 


Specialists (UEMS) 


The Anaesthetic Monospecialist Committee’ of the 
UEMS has met in October 1984 in Paris, and in 
May 1985 in Bonn. 

Dr D.C. Howat is President of the Committee 
until May 1986 and will be succeeded by Dr Baskett 
for the period 1986/88. The Committee has produced 
guidelines for the basic facilities and equipment required 
for the administration of anaesthesia in hospitals in 
the EEC, which was prepared by Dr Baskett. 

There is continued concern at the revision of the 
training arrangements in France, which have been 
dictated by the French Government and representa- 
tions are being made to the UEMS Commission con- 
cerning this matter. The problem also applies to other 
specialties, apart from anaesthesia. The numbers of 
trained anaesthetists and anaesthetists in training in 
each country continues to be monitored, and there 
is evidence of unemployment in certain EEC countries 
amongst anaesthetists. Efforts are being made to reduce 
the practice of nurses administering anaesthetics with- 
out supervision. 

Future items for discussion will include: Intensive 
Care Training in the anaesthetic curriculum, the matter 
of examinations in anaesthesia in EEC countries, the 
position of the European Diploma in Anaesthesiology 
and the matter of assistance for anaesthetists. 


23. Resuscitation Council 


The Resuscitation Council continues to meet on a 
regular basis and membership is drawn from all special- 
ties, with a legitimate interest in CPR. 

A number of guideline publications have been 
produced. These include a Resuscitation Flip Chart 
and wall poster aimed at Basic Life Support. An 
Advanced Life Support poster has also been produced . 
and all of these publications are available from the 
Honorary Secretary, Dr David Zideman, Department 
of Anaesthesia, Hammersmith Hospital, Ducane Road, 
London. The Council has also organised a multicentre 
study to assess the practice and results obtained from 
CPR in hospitals throughout the United Kingdom. 
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Representatives from the Council have attended the 
national meeting of the American Heart Association, 
who offer advice concerning the revised American Heart 
Association’s standards for resuscitation. 

A major public education exercise is planned for 
1986, led by the BBC and other members of the media. 


Composition of Council, its Sub-Committees and 
Working Parties 


Council 


Five meetings held (attendance in brackets). 

Officers: Dr T.B. Boulton, President (5); Professor 
M.D. Vickers, Immediate Past President (2); Professor 
J.P. Payne, Vice-President (5); Dr M. Rosen, Vice- 
President (5); Dr M.M. Burrows, Honorary Treasurer 
(5); Dr M.T. Inman, Honorary Secretary (4); Dr W.R. 
MacRae, Immediate Past Honorary Secretary (4); 
Dr J.N. Lunn, Editor (3). 

Elected Members: Professor A.P. Adams (4); Dr 
Elizabeth Bradshaw (2); (working abroad); Dr E.A. 
Cooper (5); Dr R.J. Eltringham (5); Dr J.S. Crawford 
(3); Dr W.H.K. Haslett (5); Dr D.J. Hatch (4); Dr 
J.M. Leigh (3); Dr J.1.M. Lawson (4); Dr P. Morris 
(5); Dr T.W. Ogg (4); Dr J.F. Searle (4); Professor 
G. Smith (4); Dr W.S. Wren (2); Dr Wendy Scott 
(4); Dr W. Hamlin (1) (From Feb, 85). 

Co-opted Members: Dr PJ.F. Baskett, Dr G.W. 
Black, Professor D. Campbell, Dr E.B. Lewis, Dr 
P.J. Helliwell, Colonel J. McEwan, Professor C.M. 
Conway, Dr P.W. Thompson, Dr J.S.M. Zorab. 


Advisory Committee 


Four meetings held (attendance in brackets). 

Chairman: Dr T.B. Boulton (4); Professor M.D. 
Vickers (2); Dr M. Rosen (3); Dr M.M. Burrows 
(1); Dr W.R. MacRae (4); Dr M.T. Inman (3); Dr 
J.N. Lunn (3); Dr P. Morris (4); Professor D. Camp- 
bell (-); Dr Wendy Scott (3). 


Editorial Board 

Editor Emeritus: Dr C. Langton Hewer, Chairman: Dr 
P.J. Helliwell; Editor: Dr J.N. Lunn; Advisory Editors: 
Dr RS. Atkinson; Dr T.B. Boulton; Assistant Editors: 
Dr C.E. Blogg; Dr R. Greenbaum; Dr R.M. Jones; 
Dr M. Morgan. Other Members: Dr PJ.F. Baskett, 
Dr C.F. Scurr, Dr Jean Lumley (Council Representa- 
tive), Dr Lauren Allan (JAG). Co-opted Members: 
Mr E. Warburton (Financial Adviser); Mrs Joan 
Fujimoto (Academic Press); Dr Sue Silver (Academic 
Press); Miss Jackie Jones (Academic Press); Mrs S.M. 
Campbell (Editorial Assistant). 


Finance Committee 
Dr M. Rosen (Chairman); Dr E.A. Cooper; Dr W. 


Haslett; Dr J.1.M. Lawson; Dr P. Morris; Dr J.F. 
Searle; Mr E. Warburton. 


Safety Committee 


Dr P.W. Thompson (Chairman); Professor A.P. Adams; 
Dr Elizabeth Bradshaw; Dr D.J. Hatch; Dr T.W. Ogg; 
Dr S. Hill JAG); Dr J. Bushman; Professor J.P. Payne; 
Air Commodore A.J. Merrifield; Professor M.K. 
Sykes; Dr Kate Allsopp (MDU); Dr C.J. Orr (MPS). 
Co-opted: Mr L.W.M. Arrowsmith (DHSS); Mr C. 
Bray (DHSS); Mr M. Freeman (BAREMA). 


Research and Education Committee 


Dr E.A. Cooper (Chairman); Dr Jean Lumley; Dr 
J.S. Crawford; Dr J.M. Leigh; Dr P. Morris; Dr T.W. 
Ogg; Professor J.P. Payne; Professor G. Smith; Dr 
Wendy Scott JAG). 


Junior Anaesthetists' Group 


Dr Wendy Scott (Chairman); Dr G.W. Hamlin (Secre- 
tary); Dr Lauren Allan; Dr Anne Blythe; Dr L.E. 
Conroy; Dr A.D.J. Nicholl; Dr Nancy Redfern; Dr 
Deborah Schill; Dr I. Woods. Representative of 
Council: Dr T.B. Boulton. 


CCHMS 
Dr M.T. Inman. 


Anaesthetists’ Sub-committee of the CCHMS 


Dr M.T. Inman (Chairman); Dr T.B. Boulton, Dr 
W.H.K. Haslet; Dr P. Morris; Dr A.D_J. Nicholl. 


International Relations Committee 


Dr RJ. Eltringham (Chairman); Dr Aileen K. Adams; 
Professor A.P. Adams; Dr Elizabeth Bradshaw; Dr 
DJ. Hatch; Dr W.S. Wren; Dr J.S.M. Zorab; Dr Wendy 
Scott. 

By invitation representatives from: Appropriate 
Health Resources and Technologies Action Group; 
British Council; Inter-University Council; Bureau for 
Overseas Medical Services; Overseas Development 
Administration: World Federation of Society of Anaes- 
thesiologists; Committee for International Cooperation 
in Higher Education. 


Confidential Enquiry into Peri-operative Deaths 
Professor M.D. Vickers (Chairman); Mr P. Bevan; 
Dr M.M. Burrows; Mr J. Craven; Mr B. Devlin; Mr 
D. Harper; Dr M.T. Inman; Professor J. Lumley; Dr 
J.N. Lunn; Professor A.G. Johnson; Dr P. Morris; 
Dr D.B. Scott. 
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Working Party on Morbidity in Anaesthesia 


Dr J.M. Leigh (Chairman); Dr J.I.M. Lawson; Dr 
Jean Lumley; Dr M.E. Wilson; Dr T.W. Ogg; Dr 
M. Rosen; Dr J.N. Lunn. 


Organising Committee of the 2nd International Sym- 
posium on the History of Anaesthesia 


Dr T.B. Boulton (Chairman), Dr P.J.F. Baskett (Secre- 
tary-General); Dr M. Rosen (Honorary Treasurer); 
Dr R.S. Atkinson; Dr R.H. Ellis; Dr I. McLellan; 
Dr G.M.C. Paterson; Dr P.W. Thompson; Dr R.S. 
Vaughan; Dr D. Wilkinson; Dr J.S.M. Zorab. 


Working Party on Recovery Facilities 


Dr R.J. Eltringham (Chairman); Dr J.N. Horton; Dr 
W.H.K. Haslett; Dr P. Morris; Dr Elizabeth Bradshaw; 
Mrs J.S. Andrewes; Dr J.S.M. Zorab. 


Meeting between the National Representative Bodies 
in Anaesthesia and the Specialist Organisations 
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Dr T.B. Boulton (Chairman); Professor A.P. 
Adams; Dr DJ. Hatch; Dr Aileen K. Adams; Dr 
G. Bush; Dr W. Fitch; Dr Constance Howie; Dr P. 
Morris; Dr Y.M.A. Tai; Dr G.J. Taylor; Dr T. Thomas; 
Dr R.D. Latimer; Dr Sheila Wiilatts. 

The Officers of the Association are ex-officio members 
of all committees and working parties. 

Faculty Advisory Panel on the Training of Anaes- 
thetists: Dr G.W. Hamlin (JAG). 

Liaison with BSI: Dr P.W. Thompson. 

Joint Committee on Higher Training of Anaesthetists: 
Dr W.R. MacRae; Dr G.W. Hamlin (JAG). 

EEC Monospecialist Sub-committee of the UEMS: 
Dr PJ.F. Baskett. 

National Resuscitation Standards: Dr P.J.F. Baskett. 

Manpower Advisory Panel (DHSS): Dr W.R. 
MacRae; Dr G.W. Hamlin (JAG). 


Archives Working Party 


T.B. Boulton (Reading) Honorary Archivist; DJ. 
Wilkinson (London) Honorary Curator; Charles King 
Collection of Historical Apparatus; I. McLellan 
(Leicester) Honorary Librarian. Honorary Adviser on 
Technical Exhibitions: R.S. Vaughan (Cardiff). 
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THIS PAGE CONCERNS YOU IF YOU ARE 
A MEDICALLY QUALIFIED ANAESTHETIST 
IN GREAT BRITAIN AND IRELAND, OVERSEAS OR 
IN TRAINING 
AND ARE NOT YET A MEMBER OF THE 
ASSOCIATION OF ANAESTHETISTS 
OF GREAT BRITAIN AND IRELAND 
OR IF YOU ARE A MEMBER OF ANOTHER 


PROFESSION WHO PRACTISES IN ANAESTHESIA 


AND YOU WISH TO APPLY FOR ASSOCIATE MEMBERSHIP 











Ordinary Membership (United Kingdom and Ireland only) 
Voting membership of the Association (the only effective body representing anaesthetists’ 
interests in non-academic matters). 
The right of attendance at the Annual General and Scientific Meetings and all other 
meetings of the Association of Anaesthetists. 


Overseas and Associate Membership 
The right of attendance at the Annual Scientific Meeting and other meetings of the 
Association. 


Junior Membership (United Kingdom and Ireland only) 
Voting membership of the Association. 
Representation of the Council of the Association. The Chairman and Secretary of the Junior 
Group sit on Council as voting members. 


Attendance at the Annual Scientific Meeting of the Association and at the special Annual 
Scientific Meeting of the Junior Anaesthetists’ Group, at which Junior Members of the 
Association are given preference. 


Membership Fees (inclusive of the journal Anaesthesia) 
Ordinary Members: Entrance Fee £5, Subscription £40 (Husband and wife £60) 


Overseas and Associate Members: No Entrance Fee, Subscription £40 
Junior Members: No Entrance Fee, Subscription £20 (£30 after 3 years if still in training) 
Retired Members: who receive Anaesthesia £7.50 (there is no subscription for those who do not) 


How to apply for membership 
Fill in the application form on the other side of this page. 
Have it countersigned by two members of the Association, one of whom must be an 
Ordinary Member. ; 
Tear out the page and send it to the address indicated overleaf. 


Do not send money with your application 
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IRELAND 
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The Association of Anaesthetists of Great Britain and Ireland 
9 Bedford Square, 
London WC1B 3RA, England 
(This application will be considered by Council at its next meeting. NO MONEY should be sent in the 


meantime. After acceptance of the application by Council, the Hon. Secretary will notify the applicant 
of Council's decision and the amount of subscription payable in the current financial year.) 
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Association (please delete categories not applicable)* 


I hold the following appointment(s) as an anaesthetist (please state grade if in the National Health 
Service, and indicate the approximate proportion of time spent in the practice of anaesthesia): 


Qualifications (with dates)... 
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Notice to contributors to Anaesthesia 


Manuscripts will be reviewed for possible publication on the understanding that they are being submitted 
to one journal at a time and have not been published. simultaneously submitted, or already accepted 
for publication elsewhere. This does not preclude consideration of a manuscript that has been rejected 
by another journal or of a complete report that follows publication of preliminary findings elsewhere. 
usually in the form of an abstract. Articles accepted become copyright of. Anaesthesia. 

Contributors are requested to submit two copies of manuscripts. They are also advised to retain a 
third copy as the Editors cannot accept responsibility for the loss of manuscripts in the post. The covering 
letter should be signed personally by all the authors and careful consideration should be given to the decision to 
include more than five authors. Articles should be forwarded to: 

Dr J. N. Lunn, Editor of Anaesthesia, Department of Anaesthetics, University Hospital of Wales, Heath 
Park, Cardiff CF4 4XW, UK. 


PREPARATION OF MANUSCRIPTS . 

Articles for Anaesthesia should be prepared in accordance with Uniform requirements for manuscripts 
submitted to biomedical journals (British Medical Journal 1979; 1: 532-5) except that the titles of journals 
in the reference section should be given in full (see below). A reprint of these requirements of which 
this notice is a summary, can be obtained from the British Medical Journal price 50 pence (U.K.). 

Type manuscripts on white bond paper, 20.3 x 26.7 cm or 21.6 x 27.9 cm (8 x 104 in. or 84 x 11 in.) 
or ISO A4 (212 x 297 mm) with margins of at least 2.5 cm (1 in.). Use double. and preferably triple. 
spacing throughout, including the references. Please do not use a dot matrix printer, particularly one with 
poor quality descenders or ascenders. Unseparated, fan-folded manuscripts may be returned to the author. 
The manuscript should consist of the following sections in this order each beginning on a new page: 
title page, summary and key words, text, acknowledgments. references, individual tables, and legends for 

ures. 

Nie pages consecutively, beginning with the title page. Type the page number in the upper right- 
hand corner of each page. 


THE TITLE PAGE 

The name of the author and the uddress to which proofs and other correspondence is to be addressed should 
appear in the top left-hand corner of the sheet. 

The main title should be restricted to five words if this is possible. It should be typed in capitals across 
the centre of the title page. 

A subsidiary title of not more than t2 words may be supplied if this is considered to be necessary. This 
should be typed in lower case immediately beneath the main title. 

The names of the authors should be typed IN CAPITALS across the title page immediately beneath the 
titles without degrees or designations. Initials should precede the surname. One forename may be given 
in full according to the author's preference. If there is more than one author the word "AND" should 
be placed before the name of the last author. 

A line should be typed across the title page below the author(s) name(s) in capitals. 

The author(s) name(s) degrees and designations should be typed in lower case below the line. Initials 
and/or forename should precede the name of each ‘author and his degrees. without full stops between 
letters. and appointment (e.g. Consultant. Registrar. etc.) should follow it. 

A full postal institutional uddress should follow the names. degrees and appointments. Correspondence 
will normally be addressed to the first author but, if it is desired to direct correspondence other than 
to the first author, or if different authors belong to different institutions or departments, a separate sentence 
should be added: this should start on a new line and begin ‘Correspondence should be addressed 
to... and a full postal address should follow. K 


SUMMARY AND KEY WORDS 
Start a new sheet 
The second page should carry a summary of not more than 150 words. The summary should state the 
purpose of the study or investigation, basic procedures, main findings and their statistical significance. 
and the principal conclusions. 

Do not use abbreviations except for units of measurement (e.g. mg, cm, etc.). 
Key (indexing) words. Below the abstract. provide and identify as such. three to 10 key words or short 
phrases that will assist indexers. Use terms from the Medical Subject Headings list from Index Medicus. 
The Editor may modify these at proof stage to conform with agreed practice of certain other anaesthetic 
journals in the English language. 


COPY RIGHT OFFPRINTS 

Authors submitting a manuscript do so on the understanding that if it is accepted for publication. 
exclusive copyright in the paper shall be assigned to the Association. In consideration for the assignment 
of copyright, the Publisher will supply 25 offprints of each paper. Further offprints may be ordered at 
extra cost; the copyright assignment form and the offprint order form pall be sent with the proofs. The 
Association will not put any limitation on the personal freedom of the ‘author to use material contained 
in the paper in other works. 


(continued overleaf) 





THE TEXT 

Start a new sheet : > 
The text of observational and experimental articles, case reports, etc. is usually divided into sections with 
the headings Introduction, Methods, Results and Discussion. Long articles will need subheadings within 
some sections to clarify their content. 

Letters for the correspondence pages should be double spaced and prepared in accordance with the 
ormat in a recent copy of Anaesthesia. 

Headings. three steps of heading may be used in typescripts: 


(i) CAPITALS across the centre of the page. 
(ii) Underlined words ` 
These should be typed at the left hand side of the page above the paragraph which they precede. 
(iii) Underlined word» at the beginning of a paragraph. These may either ollowed by a full stop 
or form part of the first sentence of the paragraph. j 


ACKNOWLEDGMENTS 

Start a new sheet ‘ 
Acknowledge those who have made substantive contributions to the study or the preparation of the 
manuscript. Authors are responsible for obtaining written permission for publication of reproduced 
figures and tables from authors and publishers and from everyone acknowled by name because of 
copyright conventions and because readers may infer their endorsement of the data and conclusions. 


REFERENCES 

Start a new sheet : 

Number references consecutively in the order in which they are first mentioned in the text. Identify 
references in text, tables and legends by arabic numerals. References cited only in tables or in legends 
to figures should be numbered in accordance with a sequence established by the first identification in 
the text of the particular table or illustration. Use double or treble space typing. 

Use the form of reference adopted by the US. National Library of Medicine and used in Index 
Medicus. Use the style of the examples cited at the end of this section. 

The titles of journals should be given in full. 

Avoid using abstracts as reren excepi those published in a recognised journal. ‘Unpublished 
observations’ and ‘personal communications’ may not be used as references, although references to written, 
not verbal, communications may be inserted (in parentheses) in the text. Include among the references 
manuscripts accepted but not yet published; designate the journal followed by (in press) in parentheses. 
Information from manuscript submitted but not yet accepted should be cited in the text as (unpublished 
observations) in parentheses. : 

The references must be verified by the author(s) against the original documents. 


Examples of correct form of references 
Note: first and last pages in all references. 


JOURNAL : f 

Standard journal article—{List all authors) 

SoTER-NA, WASSERMAN SI, Austen KF. Cold urticaria: release into the circulation of histamine and 
` eosinophil chemotactic factor’ of anaphylaxis during cold challenge. New England Journal of Medicine 

1976; 294: 687-90. 


Corporate author 

The Committee on Enzymes of the Scandinavian ‘Society for Clinical Chemistry and Clinical Physiology. 
Recommended method for the determination of gamma-glutamyltransferase in blood. Scandinavian 
Journal of Clinical Laboratory Investigation 1976, 36: 119-25. i 

Anonymous. Epidemiology for primary health care. International Journal of Epidemiology 1976; 5: 224-5. 


BOOKS AND OTHER MONOGRAPHS 
Personal author(s) J - 
Oster AG. Complement: mechanisms and functions. New York: Prentice-Hall, 1976. 


Corporate authors 
American Medical Association Department of Drugs. AMA drug evaluations. 3rd ed. New York: Publishing 
Sciences Group, 1977. 


Editor, compiler, chairman as author 

Ruyopes AJ, VAN Rooven CE, comps. Textbook of virology; for students and practitioners of medicine 

and other health sciences. Sth ed. Baltimore: The Williams & Wilkins Co., 1968. 

Chapter in book 

WEINSTEIN L, Swartz MN Pathogenic properties of invading micro-organisms. In: Sodeman WA Jr, 

ae WA, eds. Pathologic physiology: mechanisms of disease. Philadelphia: WB Saunders, 1974: 
57-72. 


Agency publication 

National Center for Health Statistics. Acute conditions: incidence and associated disability, United 

States, July 1968—June 1969. Rockville. Md: National Center for Health Statistics, 1972. (Vital and 

health statistics. Series 10. Data drom the National Health Survey, No. 69) [DHEW publication No. 
e (HSM) 72-1036). 


OTHER ARTICLES 


. Newspaper article : 


SHAFFER RA. Advances in chemistry are starting to unlock mysteries of the brain: discoveries could help 
to cure alcoholism and insomnia, explain mental illness. How thé messengers work. Wall Street Journal 
1977 Aug 12: I(col 1), 10{col 1). 


Magazine article 
RouecHe B. Annals of medicine: the Santa Claus culture. The New Yorker 1971 Sept 4: 66-81. 


TABLES > 
Do not include tables in the text. Start a new sheet for each table and space the material adequately. 
The author(s) name(s) should appear in the top right-hand corner. 
Indicate the approximate position of each table in relation to the subject matter of the text in the right- 
hand margin of the appropriate page on the manuscript. Do not submit tables. as photographs. 
Number tables consecutively with arabic numerals. Supply a brief title for each. Give each column a 
short or abbreviated heading. Place explanatory matter in footnotes. Explain in footnotes all non- 
standard abbreviations that are used in each table. For footnotes, use the following symbols in „this 
sequence: *, t, t, § I 9. **, tt, etc. Identify statistical measures of variations such as SD and SEM. 
ends for tables should appear on the face of the table. : 
ite each table in the text in consecutive order and mark the approximate position of the table in 
the right-hand margin of the text. - 


FIGURES a 

Each figure should be separate. Do not include figures in the text but collect together in an envelope or ` 
folder. . i 

Indicate the approximate position of each figure in relation to the subject matter of the text in the right- 
hand margin of the appropriate page of the manuscript. Drawings; charts and diagrams should be 
submitted in black indian ink on a smooth white card and should be about twice the size of that 
desired in the published version with no lettering. Full plate, glossy black and white photographs will 
be accepted if they are sufficiently clear. All letters and numerals required on the face of figures must 
be clearly t or written on tracing paper firmly attached with self-adhesive tape to the back of the 
figure and folded over from the front as a cover. They will then be printed in the style of Anaesthesia 
in the exact location indicated. Identify each figure by its sequential number in pencil on the reverse of 
the illustration and include the title of the paper and the authors’ names. Mark the top of the illustration 
on the reverse by an arrow and the word ‘Top’. . 
All sources of identification of patients must be removed. j 


LEGENDS FOR FIGURES 

Start a new sheet 

Type legends for illustrations double spaced with arabic numerals corresponding to the illustrations. When 
symbols, arrows, numbers or letters are used to identify parts of the illustrations, identify and explain 
each one clearly in the legend. i : 


CONVENTIONS AND ABBREVIATIONS 


-Statistics and measurements should be given in figures except that numerals one to nine should be in 
‘words if not followed by a measurement symbol (e.g. ‘two patients’ but ‘2.0 mg’). The Système 


International (SI) will usually be used except that vascular pressures will be recorded in mmHg and 
emh: Imperial measurements will not be used except in an historic context. The 24 hdur clock will 
used. f 
Contributors are advised to study the SI Conversion Tables provided in the January 1978 issue of 
Anaesthesia, Units, Symbols and Abbreviations (A Guide for Biological and Medical Editors and Authors) 
published by the Royal Society of Medicine, London WIM 8AE, and Uniform requirements for 
manuscripts submitted to biomedical journals (British Medical Journal 1979; 1: 532-5). 


LETTERS FOR PUBLICATION 
Should be addressed to Dr J. N. Lunn, Editor of Anaesthesia, Department of Anaesthetics, University 
of Wales Hospital, Heath Park, Cardiff CF4 4XW, UK. 

Letters should be typewritten on one side of the paper only and double spaced with wide margins. 
Copy should be prepared in the usual style and format of the Correspondence section. Authors must 
follow the advice about references and other matters above. The degrees and diplomas of each author 
must be given in a covering letter which must be si personally by all the authors. 

Correspondence presented in any other style or format may be the subject to considerable delay and 
may be returned to the author for revision. 


The editors regret that failure to comply with the above requirements may result m a delay in publication 
of accepted papers. 


REVIEW JOURNALS 
This journal is covered by: Current Contents, ASCA and the Science Citation Index. 


‘Contents: Anaesthesia, vol. 41, no. 1, January 1986. 
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Editorial 
A matter of vigilance 


There is little doubt that anaesthetic techniques have changed and considerably improved during the 
last decade, but has the quality of care kept pace with these improvements? 

In the investigation into mortality associated with anaesthesia in England, Wales and Scotland, it was 
shown that there was a mortality directly attributable to anaesthesia of approximately 1 in every 10 000 
patients undergoing surgery. More than half these deaths were deemed to have been avoidable. We 
should ask ourselves, do these avoidable mishaps represent the best that can be achieved in a profession 
in which the consequence of error is often a major catastrophe, or is there room for improvement? Most, 
but not all, of these deaths were attributable to human error. 

In a recent survey of 150 anaesthetic mishaps which led to claims for damages against anaesthetists 
who are members of the Medical Protection Society, there is firm evidence that a considerable reduction 
in the incidence of avoidable mortality and severe morbidity could be achieved by the simple expedient 
of increased vigilance by individual anaesthetists. Fatigue occasionally seems to be a factor in causing 
morbidity and mortality due to anaesthesia, particularly when a junior anaesthetist, who has been on 
duty all night, is expected to work the next day. Unfortunately, a plea of fatigue is no defence in British 
law, but it may provide mitigating circumstances for the anaesthetist and enable some liability to be 
placed on the Hospital Authority, should a litigious incident occur. Generally speaking, however, an 
anaesthetist who accepts the responsibility of care must consider himself fully capable of exercising that 
duty to the highest standard commensurate with his training. If he is not satisfied with his own ability, 
it is his responsibility to say so and to arrange for a replacement. 

Secondly there is a failure to appreciate the importance of minute-to-minute observations of the 
‘whole’ patient. In four of the 150 cases (3%) in which major damage to the patient occurred as a result 
of anaesthesia, the patient was known to have been left unattended by the anaesthetist when the crisis 
occurred. In all these cases, the tragedy could have been avoided if constant vigilance had been exercised. 
It is certainly not acceptable for a physician anaesthetist working on his own to leave an anaesthetised 
patient without supervision in the operating theatre during the course of an operation in order to answer 
the telephone, or for some other reason, even for a short period. If, coincident with his absence the 
patient dies, or is seriously damaged, the possibility arises that it may demonstrate such reckless and 
irresponsible behaviour as to attract a charge of manslaughter. An anaesthetist engaged in administer- 
ing an anaesthetic on his own should never be directly responsible for organising anaesthetic services 
elsewhere in the hospital, and yet, in the United Kingdom, this practice is not uncommon. 

Is there ever any justification for leaving a nurse or paramedical assistant in sole charge of a patient 
who is being anaesthetised while the physician anaesthetist attends to some problem outside the 
operating room? In the United Kingdom, where assistants are not usually trained to the standard of 
the American or Scandinavian nurse anaesthetist, the answer must normally be ‘no’, and there is little 
doubt that the courts would take this view unless the anaesthetist could prove convincingly that his 
absence from the operating room was necessary to save another life, or that the person who remained 
was sufficiently experienced and trained to undertake the responsibility of supervising a patient under 
anaesthesia. It should be emphasised that a trainee physician anaesthetist is not really in a different 
position from a nurse or paramedical assistant merely because he has a medical qualification, unless 
he has received sufficient postgraduate instruction to make him competent to fulfil the role of deputy. 

The relaxation of constant and continuing vigilance also plays a signifieestpart in producing patient 
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and correctly interpreted. The courts at the present time are likely, in the United Kingdom, to take the 
view that the anaesthetist is responsible for the well being of his patient until that patient is conscious 
and his vital functions are stable and can be preserved without assistance. Despite this general under- 
standing, a significant number of anaesthetic-related tragedies have taken place in the recovery room 
after the anaesthetist had left the operating suite or was otherwise unable to respond to an emergency 
call. In a number of these cases, the patient had been handed over to the recovery staff (and had been 
accepted by them) whilst still in a state of profound respiratory depression. This sequence of events will 
continue to happen in busy hospitals until such time as all anaesthetists and all surgeons recognise the 
dangers and appreciate that patient safety is much more important than a rapid turnover of surgical 
cases. The sooner this fact is appreciated the better. 


The Medical Protection Society, R.A. GREEN 
50 Hallam Street, 
London W.1. 
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Nuclear magnetic resonance 


Its implications for the anaesthetist 


C. NIXON, N. P. HIRSCH, I. E. C. ORMEROD anp G. JOHNSON 


Summary 


The theory and practice of clinical nuclear magnetic resonance (NM R) imaging is reviewed. Problems which 
the anaesthetist will encounter are considered, and recommendations are proposed. Possible uses of NMR 


in anaesthesia are discussed. 


Key words 


Measurement techniques, nuclear magnetic resonance. 


The last decade has witnessed a revolution in non- 
invasive techniques for imaging anatomical struc- 
tures. The use of ultrasound is now widespread, 
and computerised tomographic scanning (CT) is 
well established in many centres throughout the 
world. The American development of positron 
emission tomography (PET), permits imaging of 
body structures by ‘visualising’ certain bio- 
chemical events, such as oxygen uptake. The 
latest imaging innovation in clinical medicine is 
that of nuclear magnetic resonance (NMR). The 
origins of this technique stem from the post war 
work carried out independently by Purcell et al.,! 
and Bloch et al.,? who jointly received a Nobel 
prize in 1952 for their discovery of the phen- 
omenon of NMR. Within a few years it was dis- 
covered that the resonant frequency of nuclei of 
the same element is dependent on their environ- 
ment. This became known as the ‘chemical shift’,? 


and led to the development of NMR spectro- 
scopy. However it was Lauterbur,* 21 years later, 
who suggested that the technique could be used 
for imaging. NMR imaging was developed by 
several groups over the next few years and clinical 
trials were begun in the 1980s. 

With the expansion of the clinical spplication 
of imaging, the problems of safely examining 
patients with impaired conscious level, whether 
from illness, sedation or general anaesthesia, have 
to be approached. A recent report’ has demon- 
strated that the resolution of the NMR image is 
improved when the ventilation is controlled 
rather than spontaneous, but as yet there is little 
published on this subject. This paper sets out to 
inform the anaesthetist of the difficulties that will 
be experienced in providing anaesthesia for NMR 
imaging, and looks at the potential use of NMR 
in future anaesthetic research. 


C. Nixon, MB, ChB, FFARCS, Senior Registrar in Anaesthetics, N.P. Hirsch,* MB, BS, FFARCS, Senior Registrar - 
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Theory 


NMR and NMR imaging have been extensively 
reviewed in the literature.°~* Atomic nuclei with 
an odd number of protons and/or neutrons (e.g. 
1H, 31P, 13C) have intrinsic magnetic properties, 
and behave like minute bar magnets. When a 
sample containing such nuclei is placed in a large 
magnetic field, the nuclei tend to align and rotate 
or ‘precess’ to lie parallel with the field. The 
result is a net nuclear magnetisation in the axis of 
the applied magnetic field. The precession occurs 
at a specific frequency wə, which is dependent on 
the gyromagnetic properties of the nuclei in- 
volved y, and is directly proportional to the 
strength of the magnetic field B,, measured in 
Tesla (T). This precession frequency w, is given by 
the Larmor equation: 


Wo = Y Bo 


For imaging, we are mainly concerned with 
hydrogen nuclei, a single proton, for which 
y = 42.6 MHz T~! and w, isin the radiofrequency 


range of the electromagnetic spectrum. A pulse of. 


radiofrequency (RF) energy directed into the 
sample at or near the Larmor frequency, will 
knock tbe nuclei out of alignment. By varying the 
duration of the RF pulse, the degree of rotation 
varies, typically to 90 or 180 degrees. Once the 
pulse is removed, the nuclei rotate back to their 
original position in an exponential way. As this 
occurs, they emit an RF signal at the same 
Larmor frequency. Two time constants describe 
the RF signal decay, T, and 7,. T, is the 
longitudinal relaxation time, and describes the 
time for the vector of the spins to revert to their 
original orientation along the magnetic field. 
Relaxation in the transverse direction is termed 
the spin-spin relaxation, characterised by the 
time constant T,. T, is dependent on the 
interaction of protons with surrounding nuclei 
and molecules (the lattice), while transverse re- 
laxation (Tı) depends on the interaction of 
identical protons with each other. 

In an imaging experiment, the patient is placed 
in a large homogeneous magnetic field, typically 
with a strength of about 0.5 Tesla. This corres- 
ponds to a proton resonant frequency of about 21 
MHz. The protons are excited by a radio- 
frequency pulse at the Larmor frequency. The 
strength of this pulse is about 15 pT. The patient 


is then subjected to gradient magnetic fields 
which cause protons in different positions to 
precess at different frequencies. The gradients are 
usually about 5 mT/m and are switched on and 
off in about 1 m second. The precessing spins 
induce a voltage of tens of uV in the receiver coil. 
Signals are collected with a number of different 
combinations of magnetic field gradients and 
projections to enable the image to be reconstruc- 
ted by computer, using two dimensional Fourier 
transformation.’ 


Hazards of NMR to the patient 


The advantage claimed for NMR imaging over 
scanning methods utilising ionising radiation is 
improved patient safety.!° However, three dis- 
tinct sources of potential hazard to the patient 
exist. These are the static magnetic field, the 
changing magnetic field gradients and the RF 
field. 

Static magnetic fields. These are believed to be 
safe,!! even with prolonged exposure. The 
present generation of NMR imagers use a static 
field in the range of 0.1-2 T. No adverse effects 
have been associated with static fields up to 2 T, 
and the US Bureau of Radiological Health’? 
suggests this level should not be exceeded. How- 
ever, the static magnetic field may prove 
hazardous in certain patients with implanted 
ferromagnetic devices. New et al,!? have 
reported that the magnetic field during NMR 
imaging is sufficient to produce dislocation of 
certain vascular clips from blood vessels. For this 
reason, manufacturers are adopting nickel and 
titanium alloys for clips, It has also been 
reported!* that certain cardiac pacemakers are 
switched from demand to fixed rate pacing when 
in the vicinity of a large static NMR field magnet. 
In addition, pacemakers with ferromagnetic 
casings may be rotated or displaced within the 
chest wall. Static magnetic fields exceeding 0.3 T 
cause T-wave abnormalities of the electrocardio- 
gram.1*:!© These changes increase linearly with 
field strengths up to 2 Tesla, and are thought to be 
due to induced EMF associated with blood flow 
perpendicular to the magnetic field. These T-wave 
changes revert to normal when the magnetic field 
is removed and are not associated with dys- 
rythmias, changes in blood pressure or heart 
rate.17 

The high static magnetic field may propel loose 
ferromagnetic material e.g. metal badges, safety 
pins or scissors around the room and may be 


< 


hazardous to the patient or staff. Anaesthetic 
equipment will also be attracted by the field, 
items should therefore be permanently mounted 
if placed near to the imager. Analogue wrist 
watches may be damaged, and magnetic data may 
be erased from credit cards and magnetic storage 
material (cassette tapes, floppy discs, etc). 
Changing magnetic fields. The rapidly changing 
magnetic fields that are superimposed on the 
main static field generate internal electrical cur- 
rents (induced EMF’s). The current density 


induced during clinical NMR imaging is of the ` 


magnitude of 10 mA/sq m. A current density of 
170 mA/sq m is required to induce visual light 
flash sensations (magnetic phosphenes), 
1-10 A/sq m induces heart fibrillation and 
30 A/sq m induces a nerve action potential. 
Although the EMF induced by NMR is low, 
patients with cardiac pacemakers may be 
at risk. The voltage induced in the pace- 
maker lead is insufficient to be registered as 
normal cardiac activity, but the microcircuitry 


may be affected, resulting in failure of normal ` 


output.!* A theoretical hazard also exists for 
patients with epilepsy,'® where rapid repetition of 


„changing magnetic field gradients may induce 


seizures. To date, there have been no clinical 
reports of this complication. 

Radiofrequency effects. There is already ex- 
tensive literature'®:?° concerning human ex- 
posure to RF radiation. Heat production at the 
power levels currently employed in NMR 
imaging is unlikely to cause adverse effects. Prob- 
lems may be encountered with patients with 
metallic implants where local heating can occur. 
In vitro testing of surgical clips and hip prostheses 
demonstrated small temperature rises with RF 
signal strengths much greater than those used in 
clinical NMR imaging. The authors recommen- 
ded that individuals with large metallic implants 
should not be imaged until further investigations 
are completed to evaluate the RF heating effects 
more thoroughly.?! 

Other problems unrelated to magnetism are 
also worthy of mention, notably those of claus- 
trophobia and noise. The Picker imager at the 
National Hospital, Queen Square has internal 
dimensions of 2 metres length x 0.6 metre dia- 
meter. It is therefore not surprising that claustro- 
phobia occurs, particularly as the average scan 
time is 40 minutes. Other groups have reported 
the incidence of claustrophobia to be 3-4%,?? but 
in our unit the incidence is around 7%. During 
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imaging, a drumming noise is emitted which some 
patients find unpleasant. In our unit, three 
patients have succeeded in escaping from the 
imager and thé less cooperative patient may 
therefore require sedation prior to imaging. 


Anaesthesia for NMR imaging 
In addition to the hazards discussed above, the 


“anaesthetist will encounter other problems. These 


can be divided into two main categories, anaes- 
thetic equipment and monitoring. 


Anaesthetic equipment 


The magnetic effects of NMR imaging impose 
various restrictions on the anaesthetic equipment 
used. Within the bore of the magnet, all ferro- 
magnetic components should be avoided. The 


. imaging process is very sensitive to magnetic field 


inhomogeneities and even mildly ferromagnetic 
objects can distort the field sufficiently to de- 
grade the image (Figs, la and b). Large non- 
ferromagnetic metal objects may also have a 
detrimental effect on the RF excitation pulses and 
the reception of the NMR signal. Outside the 
bore of the magnet, large ferromagnetic objects 
may cause image distortion and both large and 
small objects can be drawn into the magnet. 
Most metallic equipment is constructed of 
alloys which vary in their ferrous content and 
therefore the attractive force in a magnetic field. 
We have tested a number of items at the portal of 
our 0.5 T imager, using the method of New et al.13 
Anaesthetic equipment was suspended in the 
magnetic field, the angle of deflection from the 
vertical on the long (z) axis of the imager being 
related to the magnetic force of attraction (F) by 
the formula F = mgtan@ where m is the mass of 
the object, g the gravitational acceleration and 0 
the angle of deflection. The results are shown in 
Table 1. The safest approach is to avoid all 
metallic equipment and substitute apparatus of 
plastic or nylon manufacture wherever possible. 
Non-ferromagnetic alternatives are available for 
commonly used anaesthetic equipment, but there 
is a problem when considering laryngoscopes. 
Table 1 shows it is the batteries within the 
laryngoscopes which are highly ferromag- 
netic, making them unwieldly in close proximity 
to the NMR imager. Hospital trolleys have 
been used to transfer patients to our imager, 
but they must be removed during imaging as they 
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Fig. 1. (a) NMR image of the head and neck demon- 

strating the excellent image quality. (b) Similar view 

of the same patient demonstrating loss of image quality 
due to a metallic tracheal tube connector. 


can degrade the signals. Certain NMR imagers 
(e.g. General Electric) now feature a detachable 
patient table which allows preparation of the 
patient distant from the imager. i 


There is considerable danger associated with 
large ferromagnetic objects for which no alter- 
natives can be found (e.g. gas cylinders). Unlike 
the inverse square that applies to ionising radia- 
tion, the magnetic field strength B, at a point P 
on the z axis of a solenoid or toroid approximates 
to the formula; B = 1 — cos 0 (Appendix 1). Con- 
sequently, the force acting on large ferro- 
magnetic objects introduced into the magnetic 
field increases so rapidly as the imager is ap- 
proached (Fig. 2), that it may be impossible to re- 
strain them. We feel that in the interests of safety, 
large ferromagnetic objects should only be taken 
within the 0.5 mT zone with extreme caution. The 
extent of this zone is dependent on the magnetic 
field strength and shielding of the imager in use, 
and is approximately 3 metres from the portal of 
our 0.5 T magnet. As field strength falls off more 
rapidly to the sides of the magnet than 
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Fig. 2 Relationship of magnetic field strength to 
distance from the solenoid portal. 


Table 1. Magnetic force on anaesthetic apparatus at NMR portal 


Weight Angle of Force Recommended 
(g) deflection (newtons) apparatus 

Laryngoscope 253 55 3.54 No satisfactory substitute 

Batteries removed 170 1 0.029 

Blade . 85.3 0 0 
Tracheal tube connectors 

Robotham 19.97 1.5 0.005 Plastic connector 15 mm 

Magill 24.28 1 0.004 
Standard tubing connector 26.64 0.5 0.002 Plastic 22 mm connector 
90° angle piece 89.1 0.5 0.0076 
Butterfly needle (Abbott) 0.23 3.5 0.0001 Elastomeric cannula 
Scissors 31.74 86 4.453 
Ballpoint pen 18.86 10 0.033 
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along its z axis, this would be the safer position 
for-the anaesthetic machine. The superconduct- 
ing magnets used in NMR imagers are energised 
at all times and are kept at an operating tem- 
perature of —270K by helium and nitrogen. 
Static field effects are therefore always present. In 
emergency situations, this must be borne in mind. 
Access to the patient in the imager requires ces- 
sation of scanning and removal of the patient 
from the magnet bore. 

Anaesthesia in the enclosed environment of 
any NMR imager requires that the tracheas of all 
patients are intubated for airway control. 
Patients undergoing imaging of the head and 
neck region are placed within a smaller coil to 
improve signal to noise ratio. In these patients we 


prefer a Rae pattern oral tube with 15 mm con- 


nector as space is inadequate for standard con- 
nectors. The choice between spontaneous or 
controlled ventilationisa matter for theindividual 
anaesthetist, but it is important to consider the 
choice of breathing system and the ventilator. 
Two approaches are possible; firstly, the anaes- 
thetic machine is placed remotely, with the ven- 
tilator and delivery system sited near to the portal 
of the imager; secondly, the anaesthetic machine 
and ventilator are placed remotely. A long breath- 
ing system is then required to deliver fresh gas to 
the patient (typically 5-6 metres, though this will 
vary with the imager in use). 

If the former approach is adopted, the ven- 
tilator should ideally be of low mass, have no 
ferrous components, and its performance should 
not be influenced by the static field. A fluidic 
ventilator (Monaghan 225 volume ventilator), 
placed at the portal of a 0.5 T imager, has been 
successfully employed in six patients; its per- 
formance is unaffected by the static magnetic 
field.?3 

In addition to the avoidance of metallic con- 
nectors, the chosen breathing system should have 
a low expiratory resistance as this increases with 
length. Standard 22 mm tubing (ISO 5367: 1980) 
was found to have a resistance of approximately 
7 Pa/metre at 30 litres/minute and 15 Pa/metre at 
60 litres/minute. The major contributor to re- 
sistance is the adjustable pressure limited valve, 
whose performance has been shown to be 
variable.24 Coaxial breathing systems are lighter 
and more compact and are therefore attractive, 
but they may suffer from increased expiratory 
resistance.?5 


Nuclear magnetic resonance 135 


Monitoring the patient 


A patient placed in the bore of a NMR imager will 
be hidden from view, and it is therefore necessary 
to monitor vital functions. Ferromagnetic equip- 
ment within the bore of the magnet must be 
avoided but, in addition, loops of wire (even non- 
ferromagnetic wire) from monitoring equipment 
within the bore can significantly degrade RF ex- 
citation pulses and NMR signal detection. All 
direct electrical connexions between equipment 
within the magnet and outside may introduce RF 
interference and must be avoided. Fibre-optic 
systems can be substituted?° for wires where it is 
necessary to transfer an electrical signal. The 
changing gradient fields and the RF pulses may 
interfere with the operation of monitoring 
equipment. Careful design is necessary to avoid, 
filter out or gate out spurious signals induced in 
monitoring transducers. Cathode ray tubes 
should be kept away from the magnet to prevent 
distortion of the display.?7 

Breathing has been monitored using a rubber 
pneumatic bellows linked to a pressure sensitive 
piezo-electric crystal outside the magnet room by 
a pressure line so as not to interfere with data 
acquisition.2* We have successfully used apnoea 
alarm mattresses, and capnography (Engstrom 
Eliza) to monitor respiratory rate. The gas 
analyser must be of the remote sampling type, 
and will require additional length to be added to 
the fine bore sampling tube. End-tidal CO, read- 
ings must be interpreted with suspicion. 

Blood pressure can be monitored with a non- 
invasive, automated blood pressure monitor, e.g. 
utilising an oscillometric method (Dinamap); in 
such cases, the metallic tubing connectors are 
replaced by nylon connectors. When continuous 
arterial line monitoring is required there must 
either be a long pressure line or pressure signals 
may be carried by fibre-optics to eliminate the 
effect of changing magnetic fields. 


NMR spectroscopy and anaesthesia 


In vivo spectroscopy is a rapidly developing 
clinical technique, enabling study of biochemical, 
physiological and pharmacological events. 
Though the techniques are somewhat different, 
the basic principles are similar. 

31Phosphorus spectroscopy is a non-invasive 
method of measuring intracellular phosphate 
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levels; this is particularly important in the study 
of muscle. Intracellular levels of pH, phospho- 
creatinine, adenosine triphosphate (ATP), and 
inorganic phosphate can be recorded. Using this 
technique, bupivacaine has been shown?’ to have 
a direct myotoxic effect when injected intra- 
muscularly in rats. The diagnosis of muscle dis- 
orders without resort to biopsy may be possible. 
Already, McArdle’s syndrome, a rare genetically 
determined disorder of muscle characterised by 
intermittent weakness, pain and stiffness, 
especially after exercise, has been diagnosed in a 
patient by >!P-NMR.?° In addition, 3!P has also 
been used to demonstrate changes in cerebral 
metabolism with regional blood flow.3! The 

` accuracy of 3PNMR studies of cellular 
metabolism has been questioned however,?? as 
discrepancies do occur between NMR derived 
metatolic levels and those of classical extraction 
techniques. 

Perhaps of greater interest to anaesthetists is 
the ability to image !’ftuorine. Many synthetic 
drugs contain fluorine, including volatile anaes- 
thetic agents (e.g. halothane, enflurane, etc), 
blood substitutes (e.g. perfluorotributylamine), 
butyrophenones (e.g. haloperidol) and steroids 
(e.g. dexamethasone). Workers using this tech- 
nique have demonstrated the distribution of halo- 
thane in rabbit brain,?* the elimination of halo- 
thane and isoflurane from rabbit brain*+ and the 
distribution of halothane and enflurane in the 
blood of dogs.3* 19°F spectroscopy of CF, gas has 
successfully been used to assess ventilation in 
excised rabbit lung,>° whilst phantom limb vas- 
culature has been demonstrated with perfluoro- 
tributylamine.?3 

The suggestion that NMR may be useful in 
monitoring the effectiveness of drug therapy 
follows work by Davis et al.3’? They used NMR 
to distinguish between sterile and infected abs- 


cesses induced in rats, though doubt exists as to- 


the suitability of their anima! model. The applica- 
tion of scintigraphy and NMR in pharmacology 
is well reviewed by Carr.38 


Conclusions 
Although clinical NMR imaging is in its infancy, 
its future seems assured. As the role of NMR 
widens, a growing number of patients and anaes- 
thetists will become involved with this tech- 
nology. It is hoped that not only will NMR 


imaging provide a service for our patients, but , 
-> 


also open new avenues for research within the 
specialty of anaesthesia. 


Acknowledgments 


The authors wish to express their gratitude to Dr 
D. Jewkes, Dr G.S. Ingram, Dr I. Calder, Dr L. 
Loh and Dr B. Kendall of the Departments of 
Radiology and Anaesthetics of the National 
Hospital for Nervous Diseases, Queen Square, 
London for their help in the preparation of this 
manuscript. 


Appendix 1 


Magnetic field strength along the axis of a 
solenoid is given by the formula 


B=", (cos 0, — cos 01) 





where B= Magnetic field strength (Tesla); u = 
permeability of medium; n = turns per metre of 
coil; Z= curent flowing through the coil 
(amperes); 6, = angle from point P to distant end 
of coil; 6, = angle from point P to nearer end of 
coil. 

If the solenoid is of infinite length, then for a 
point P lying outside the solenoid 0, = 0 degrees, 
therefore cos 6, = 1. Thus, the formula may be 
rewritten as 
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In vitro buffering capacity of Alka Seltzer Effervescent 
A comparison with magnesium trisilicate mixture B.P. and sodium citrate 0.3 M 


G. C. MURRELL anp M. ROSEN 


Summary 


The variety of antacids used as a prophylaxis for acid aspiration syndrome reflects dissatisfaction with each 
agent. Alka Seltzer Effervescent is a proprietary product without aspirin. We have shown that it can easily 
be dissolved in a small volume, readily mixes with hydrous fluids, and has a satisfactory neutralising 
capacity. Its non-particulate nature, storage in individual packages and palatability, indicated by com- 
mercial acceptance overseas, show that further trials in vivo as a method of raising gastric pH may be useful. 


Key words 
Complications; aspiration, prophylaxis. 


Antacids are used to raise intragastric pH above 
2.5 as a prophylactic for acid aspiration syn- 
drome.! However, each agent has some problem. 
Magnesium trisilicate mixture (MMT) is par- 
ticulate, which may have been a cause of 
pneumonitis,? mixes poorly with gastric contents 
so that gastric pH is not uniformly raised, con- 
tains peppermint oil which reduces lower 
oesophageal sphincter pressure and settles con- 
creting in storage. Sodium citrate (0.3M) only 
has a shelf life of about 8 weeks,* which intro- 
duces problems with manufacturing. It is not 
palatable and is slightly more expensive than 
MMT. 

Alka Seltzer Effervescent is a commercial 
‘over-the-counter’ preparation in the United 
States, waere there is a demand for antacids 
without aspirin. A previous study> has shown 
that intragastric pH before emergency general 
surgery was satisfactorily increased by use of two 


tablets dissolved in 20 ml of water. In dogs, no 
change occurred in oxygenation, intrapulmonary 
shunting, or pulmonary vascular resistance after 
instillation of Alka Seltzer solution into the lungs. 
One tablet of Alka Seltzer Effervescent contains 
sodium bicarbonate, potassium bicarbonate, and 
citric acid, which is converted to citrate with loss 
of carbon dioxide when the tablet is dissolved in 
water. Thus, the solution mainly contains sodium 
and potassium citrates. 

This study compares the buffering capacity and 
miscibility of Alka Seltzer Effervescent with 
magnesium trisilicate mixture (B.P.) and 0.3M 
sodium citrate. 


Method 


The pH measurements were made with a Phillips 
digital pH meter PW 9409, with the slope set 
between 95 and 100%, after calibration with 
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universa! phosphate buffer pH 7.4 and acid phos- 
phate buffer pH 1.0 before each test period. Initial 
tests showed that the calibration was satisfactory 
for at least 20 individual measurements with a 
standard variation of 0.006 around the pH 7.40 
reference. Recalibration was carried out after two 
titrations. 

Titration was carried out with 1M hydro- 
chloric acid added rapidly in 2 ml aliquots from 
the burette, during continuous stirring of the mix- 
ture. This acid solution is ten times stronger than 
normal gastric acid, but the volumes were more 
convenient and it provided a severe test of buffer- 
ing capacity for each antacid. 


The effect of timed exposure to air 


Two Alka Seltzer tablets dissolved in 20 ml of 
water, 30 m! of 0.3M sodium citrate and 20 ml of 
MMT were tested for buffering capacity at inter- 
vals of 0, 2, 5, 10, 15 and 30 minutes after ex- 
posure to air, to determine loss of potency by 
carbon dioxide emission. At 1 minute, Alka 
Seltzer tablets were still effervescent, so 2 minutes 
was used as the starting point. 


The buffering capacity of antacid solutions 


The buffering capacities of the 20 ml solutions of 
Alka Seltzer containing 1, 2, 3 or 5 tablets, 30 ml 
of 0.3M sodium citrate and MMT 20m! were 
tested by titration. In a non-particulate mixture, 
the new pH was reached within seconds, but 
MMT was much less consistent as, even with 
stirring, the pH reading ‘wandered’. However, if 
it had not settled by 3 minutes, the reading was 
recorded and the titration proceeded. 


Mixing of antacid solutions 


The ability of an antacid solution to mix with an 
acid was tested by slowly adding the antacid to 
the surface of 100 ml of 0.1M hydrochloric acid 
(pH 1) via a narrow stemmed funnel. Addition 
was completed in 60 seconds. The mixture was 
not stirred initially and the pH measured at two 
marked levels (by gently raising and lowering the 
pH electrode) at 5-minute intervals for 30 min- 
utes. The upper level was set with the electrode 
just sufficiently covered for consistent readings, 
as shown by a prior test with buffer. The lower 
level was just above a point at which a prior test 
showed an interface. After 30 minutes the mixture 
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was Stirred, once initially, then if no change 
occurred after 5 minutes, one stir was applied 
again and if still little or no change occurred, the 
mixture was stirred vigorously. 


Results 


Alka Seltzer acted as a buffer, preventing change 
in pH as acid is added, much more effectively than 
the same volume of water (Fig. 1). The vertical 
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Fig. 1. Comparison of pH change on adding acid to 

20 m! of water or Alka Seltzer solution. The dotted line 

illustrates the usual maximum hydrogen ion load found 

in the gastric contents. ( ), water; (....), Alka 
Seltzer. 





line on this figure and all other figures, corres- 
ponds to the volume of acid containing the same 
number of hydrogren ions as would be found in 
100 ml of gastric juice at pH1. The intercept of 
this line allows a comparison between antacids of 
their efficacy in raising the pH of gastricjuice. Asa 
buffer curve intercepts at a pH of 5.3 it is reason- 
able to expect it to raise the gastric pH to above 
the safety margin of 2.5-3.5 after ingestion. 


Effect of exposure to air 


Figures 2 and 3 show that standing open to at- 
mosphere has little effect on the buffering 
capacity of 0.3M sodium citrate or Alka Seltzer 
in the short term. MMT showed no consistent 
change with time, and the differences in Fig. 4 are 
probably due to inadequate mixing. 


Buffering by different solutions 


The buffering capacity of one tablet of Alka 
Seltzer is markedly less than that of two tablets, 
but even so one tablet is still able to raise the pH 
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Fig. 2. Buffering capacity of Alka Seltzer after ex- 
posure to air when initial effervescence has ceased. Two 


tablets in 20 ml, titration commencing at (@), 2 minutes; ` 


(A). 5 minutes; (0), 15 minutes; (©), 30 minutes. 
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Fig. 3. Buffering capacity of 20 ml sodium citrate 0.3M 

after exposure to air. Titration commencing at (@), 

2 minutes; (©), 5 minutes; (A), 15 minutes; (0O), 30 
minutes. 


of the equivalent of 100 mi of gastric fluid to 
above 3.5 (Fig. 5). It can also be seen from this 
figure that three and five tablets are little better 
than two tablets. There is a small amount of 
precipitate after dissolving two tablets, but this is 
more obvious after five are dissolved in 20 ml. 
This precipitate completely disappears after 
addition of a few millimetres of acid. Thus, there 
are nct likely to be any particles after mixing with 
gastric contents. 

Comparison of antacids by means of titration 
revealed them all as satisfactory. Sodium citrate 
0.3M had the lowest intercept, with a line rep- 
resenting the hydrogen ion content of 100 mi of 
gastric juice, Alka Seltzer seems slightly better, 
and MMT, despite wider variation, was able to 
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Fig. 4. Buffering capacity of magnesium trisilicate 
mixture B.P. after exposure to air and with agitation 
during titration. Titrations commencing at (@), 
2 minutes; (A), 5 minutes; (1), 15 minutes; (O), 
30 minutes. 
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Fig. 5. Buffering capacity of different numbers of Alka 
Seltzer tablets dissolved in 20 ml of water with titration 


commenced at 2 minutes. (@), | tablet; (O), 2 tablets; 
(Q), 3 tablets; (A), 5 tablets. 


maintain a high pH in the face of an acid chal- 
lenge. 


Mixing with acids 

Table 1 shows that it was easy to make a separate 
layer with each antacid. MMT initially sat on the 
surface of the acid but, as the full amount was 
added, sank as a mass, leaving an oily appearance 
on the surface. Sodium citrate and Alka Seltzer 
slightly raised the pH of the solution close to the 
interface even without agitation, Alka Seltzer 
slightly more so. After the second stir, Alka 
Seltzer had raised the pH slightly more than 


~x 
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Table 1. Change of pH in acid-antacid mixture with an without stirring 





Magnesium trisilicate 
pH at 
Upper Lower 
Time of measurement level level 
Before addition 1.05 — 
of antacid 
5 minutes 1.75 1.00 
10 minutes 2.23 0.98 
15 minutes 2.69 1.00 
20 minutes 2.61 0.97 
25 minutes 2.99 0.96 
30 minutes 2.74 0.98 
After one stir 2.4 2.00 
After second stir 1.79 1.00 
After vigorous stir 5.70 6.00 
+ 5 minutes 6.46 6.46 


20 ml solution of 2 tablets 





0.3 sodium citrate of Alka Seltzer 
pH at pH at 
Lower Upper Lower Upper 
level level level level 
0.98 — 0.97 — 
4.69 .98 5.51 1.09 
4.59 .95 5.44 1.01 
4.56 .98 5.52 1.01 
4.60 .96 5.52 1.01 
4.60 .96 5.49 1.04 
4.56 96 5.55 1.18 
4.83 1.08 5.50 1.49 
5.22 1.50 5.46 2.71 
4.79 4.78 5.01 5.01 
4.80 4.79 — — 





sodium citrate, but vigorous stirring was neces- 
sary to provide a substantial rise in pH. 

MMT behaved differently, with no neutralisa- 
tion of acid without vigorous stirring, even after 
30 minutes. It took 5 minutes longer for pH 
changes to be complete. 


Discussion 


Many antacids have been used to raise intra- 
gastric pH as prophylaxis against acid aspira- 
tion syndrome. The work of Vandam‘ Teabeut’ 
and Roberts and Shirley! established guide- 
lines to reduce the risks, and recommended . 
that a pH of greater than 2.5 and a gastric volume 
of less than 25 ml be aimed at; these figures were 
established by experiments on rabbits and 
monkeys. Taylor® later suggested a minimum pH 
of 3.5, after he recorded an incident of pulmonary 
aspiration syndrome with a gastric pH less than 
3.5, but more than 2.5. 

Magnesium trisilicate mixture has remained 
the most common antacid used, probably because 
it was the first to be widely introduced. Sodium 
citrate solution is now gaining popularity because 
of concern about MMT. Sodium citrate and Alka 
Seltzer, non-particulate antacids, both mixed 
much more easily than MMT and, thus, mixing 
started even before agitation. This confirms the 
findings of Holdsworth and his colleagues,’ who 
showed that MMT mixed poorly and that all 
antacids require that the patient move around to 
ensure adequate mixing in the stomach. 


MMT was able to neutralise gastric acid con- 
tents, perhaps with a larger capacity than other 
antacids, but there remains a question regarding 
its effects in the lungs. Aspirated, unchanged, 
particulate antacids have greater adverse effects 
than non-particulate antacids, but it is difficult to 
be categorical about MMT. Heaney and Jones!° 
reported two cases of aspiration pneumonitis, one 
of whom definitely regurgitated MMT and may 
have aspirated gastric contents, but eventually 
recovered. Gibbs and Wynne?! claim that MMT 
would behave in a similar fashion to other 
particulate antacids, which increase physiological 
shunting and pulmonary vascular resistance. 
Peppermint oil in MMT has undesirable phar- 
macological actions, in that it lowers the lower 
oesophageal sphincter tone, thus increasing the 
chances of reflux.!? This alone would cast a 
shadow on its use for the prophylaxis of acid 
aspiration. Also, many patients find MMT dis- 
tasteful; it may cause nausea and vomiting, 
resulting in poor compliance, even in the labour 
ward.13 

Sodium citrate is certainly more miscible, but 
is slightly more expensive than MMT, and 
requires aniseed or syrup to disguise its flavour.'* 
Many pharmacies place a short time limit on the 
expiry date for sodium citrate, which may be 
because of interaction with the atmosphere, cry- 
stallising of the syrup, or interaction with silica in 
the glass of the container. Sodium citrate can be 
sealed in glass containers which ensure storage for 
8 weeks.* 
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Alka Seltzer tablets contain 958 mg of sodium 
bicarbonate (approximately 11.4 mM), 312 mg 
potassium bicarbonate (3.1 mM), and 832 mg of 
citric acid (4.3 mM). Our measurements show the 
solution consistently has a pH of 6.5. At 20°C, the 
pKa of the three proton donor sites of citric acid 
are respectively 3.14, 4.77, and 6.34,'5 so that the 
first two sites are ionised and most of the third at 
the pH of Alka Seltzer solution. Thus, the citric 
acid is in solution as citrate, a potent buffering 
ion. Examination of the molar quantities also 
shows that there is sufficient bicarbonate to 
‘neutralise any hydrogen ions present in the citric 
acid. 

Sodium citrate contains 18 mM sodium/20 ml 
dose,!© MMT 18.9 mM/30 ml dose'? and Alka 
Seltzer 23 mM/two tablet dose, so the difference 
in sodium content is small. Palatability of Alka 
Seltzer solution in pregnant mothers has not been 
assessed, but as it already sells directly to the 
consumer in the USA, it is likely to be acceptable. 
Theoretical expectations have been confirmed in 
the dog lung that Alka Seltzer Effervescent has 
little effect on the lung,® and so may be an 
improvement. Alka Seltzer has adequate neutral- 
ising ability, provided two tablets are used, and it 
is unimportant how long the solution stands (up 
to 30 minutes), as long as effervescence has 
ceased. This would also prevent carbon dioxide 
being generated in the stomach which, theo- 
retically at least, might increase intragastric 
pressure. Individual packaging means a higher 
initial outlay (2.00 US dollars per box of 36 
tablets USA or 11p a dose), but since it has a long 
shelf life there should be little waste. If it were 
administered immediately before Caesarean sec- 
tion, then its palatability, and rapid mixing would 
bestow definite advantages over MMT. 

Further investigation is justified to assess the 
palatability of Alka Seltzer to pregnant mothers 
and its efficacy compared to other antacids prior 
to Caesarean section. 
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Continuous infusion epidural analgesia in obstetrics 


A comparison of 0.08% and 0.25% bupivacaine 


A. EWEN, D. D. McLEOD, D. M. MacLEOD, ALISON: CAMPBELL anb M. E. 
TUNSTALL 


+ Summary 

The effects of 0.08% (Group A) and 0.25% (Group B) solutions of bupivacaine were compared in a random 
manner, to assess continuous pump infusion epidural analgesia in labour. Both solutions were infused at 
a dose rate of 20 mg bupivacaine/hour. The results in all the mothers who had received infusions lasting 
more than 4 hours were studied. There were 25 in Group A and 28 in Group B. Any treatment during the 
infusion epidural for inadequate analgesia, hypotension, etc., was recorded as an intervention. The mean 
of the intervention-free intervals was significantly greater in Group A than in Group B, and significantly 
fewer top-up injections were required in Group A. The results show that the administration of a 0.08% 
solution of bupivacaine into the epidural space by continuous pump infusion is more labour saving than the 
infusion of a 0.25% solution. The concept that a greater volume infusion rate maintains a more extended 
liquid sleeve of local anaesthetic in the epidural space is supported. 


Key words 
Anaesthetic techniques, regional; epidural. 
; Anaesthetics, local, bupivacaine. 


Maintenance of epidural analgesia by continuous 
pump infusion of local anaesthetic into the 
epidural space has been shown to be effective and 
safe, and to offer advantages over intermittent 
top-up procedures.!'? The main advantages for 
the patient are uninterrupted analgesia and 
greater safety. For the anaesthetist there is less 
requirement for time consuming top-up injec- 
tions. 

Concentrations selected for infusion epidurals 
have ranged from 0.0625% to 0.375%, at dose 
rates from 6.25 mg to over 20 mg/hour of bupi- 
vacaine.'~* Recently, it has been shown that a 


solution of bupivacaine at a concentration of 
0.08% infused at 25 ml/hour is able to provide 
long periods of uninterrupted analgesia in 
labour.® Sixty per cent of the mothers required no 
supplementary top-ups. It was proposed that 
increasing the volume infused exterided the liquid 
sleeve of loca] anaesthetic in the epidural space 
and caused more dermatomes to remain blocked. 
The aim of the present study was to see if there 
was any support for this concept, and to test 
whether the more dilute solution was more 
labour-saving. 

The use of continuous infusion epidurals with 


A. Ewen*, MB, ChB, FFARCS, Registrar, D.D. McLeod, MB, ChB, FFARCS, Senior Registrar, D.M. MacLeod, 
MB, ChB, FFARCSI, Registrar, A. Campbell, MB, ChB, Registrar, M.E. Tunstall, MB, BS, FFARCS, Consultant, 
Department of Anaesthetics, Aberdeen Royal Infirmary, Foresterhill, Aberdeen AB9 2ZB. 

Correspondence should be addressed to Dr M.E. Tunstall, Aberdeen Maternity Hospital, Cornhill Road, 


Aberdeen AB9 2ZA. 


*Present appointment: Senior Registrar, Guy’s Hospital, London SEL. 


0003-2409/86/020143 + 05 $03.00/0 © 1986 The Association of Anaesthetists of Gt Britain and Ireland 143 


_ 144 A. Ewen et al. 


0.08% bupivacaine had been established in, 


Aberdeen, but individual members of the 
department continued to use 0.25% solu- 
tions of bupivacaine. They were not convinced 
there was any great advantage in making up a 
more dilute solution. It was therefore decided to 
compare 0.08% and 0.25% solutions of bupi- 
vacaine in a controlled manner. The existing dose 
rate of 20 mg/hour was chosen. If the more dilute 
solution maintained a wider segmental blockade, 
then one would expect that fewer top-ups would 
be required. This would support the liquid sleeve 
concept and also show that the more dilute solu- 
tion was relatively labour-saving. 


Method 


The obstetric population in Aberdeen to whom 
epidural analgesia is available is approximately 
4000 per annum. Approximately 1000 normal 
mothers per annum are delivered in nearby 
satellite maternity homes within the city 
where epidural analgesia is not available. The 
overall epidural rate is about 20%. Midwives in 
Aberdeen have never been allowed to administer 
top-up injections into the epidural space, nor 
have they been allowed to control the rate of 
infusion epidurals. They are allowed to switch off 
epidural infusions when indicated, position 
patients in the treatment of hypotension, and call 
the anaesthetist. 

The subjects of the present investigation were 
from a consecutive series of mothers who were to 
receive epidural analgesia during labour at the 
Aberdeen Maternity Hospital within a 4-week 
period. The subjects were randomly allocated to 
two groups, A and B. Group A was to receive 
0.08% bupivacaine (without adrenaline) at 
25 ml/hour and Group B was to receive 0.25% 
bupivacaine (without adrenaline) at 8 ml/hour. In 
the subsequent assessment, the results of all 
mothers who had received infusions of less than 
4 hours duration were not included. Within this 
period, it was considered that the initial induction 
dose of bupivacaine would have a dominant 
effect. 


Technique 

After a slow intravenous infusion of crystalloid 
had been initiated via a large bore cannula, 
epidural analgesia was induced with the patient in 
the left lateral decubitus position, using a 16G 
Tuohy needle. All epidurals were inserted in the 


L3~-4 interspace, although the choice of midline 
or paramedian approach was left to the in- 
dividual anaesthetist. A Portex epidural catheter 
was advanced 4 cm into the epidural space, and 
connected to a Millipore bacterial filter. After 
negative aspiration for blood or cerebrospinal 
fluid (CSF), a test dose of 3 ml of 0.5% bupi- 
vacaine plain was injected. The catheter was then 
secured to the skin with a waterproof adhesive 
dressing and the patient turned to a position of 
left lateral tilt. Having confirmed no untoward 
sequelae from the test dose, a further 8 ml of 0.5% 
bupivacaine plain was injected and the blood 
pressure was checked every minute for the next 5 
minutes. During this time, the dilution of the 
bupivacaine solution was made. For the 0.08% 
solution, 48 ml of 0.5% bupivacaine plain was 
added to a 250 ml bag of normal saline 
(Boots/Steriflex). For the 0.25% solution, 50 ml 
from a 100 ml bag of normal! saline was replaced 
by 50 ml of 0.5% bupivacaine plain. The infusion 
bag was connected via a standard infusion ad- 
ministration set (Avon A100) to a volumetric in- 
fusion pump (Imed 960) with administration 
cassette (Accuset C-924). The occlusion alarm on 
the infusion pump had been reset by the Depart- 
ment of Medical Physics to alarm at a higher 
pressure than normally set; this was found to be 
desirable when using the higher infusion rate. The 
connexion from pump to Millipore filter was 
completed by a three-way tap which allowed for 
top-up injections and the infusion was com- 
menced at the appropriate rate. 


Observations 


After the infusion was started, each subject was 
reviewed by the anaesthetist every 2 hours. 
Observations were made about the degree of 
sensory block, identified by loss of temperature 
sensation to ice and about the degree of motor 
block, measured as Q: no leg weakness; 1: minimal 
leg weakness (able to lift the foot off the bed); 2: 
moderate leg weakness (able to slide the foot up 
the bed); 3: severe leg weakness (unable to slide 
the foot up the bed). Arterial blood pressure was 
measured by the midwife using a standard 
sphygmomanometer. Measurements below 100 
mmHg systolic were recorded as episodes of 
hypotension. The subjects in both groups were 
asked to describe any periods of pain under the 
following headings: no pain; insignificant pain; 
painful but bearable; unbearable. 


er 


Interventions 


If the anaesthetist was called at any time to see the 
patient, because of either inadequate analgesia or 
a side effect, the event was recorded as an inter- 
vention. Any treatment given or adjustment 
made by the anaesthetist during the time of the 
regular 2-hourly assessment was also recorded as 
an intervention. 


Analysis of the results 


Student’s t-test for unpaired samples and Fisher’s 
exact test were used. 


Results 


Fifty-three subjects were included in the study. 
Twenty-five of these received 0.08% bupivacaine 
(Group A), and twenty-eight received 0.25% 
bupivacaine (Group B). All patients in whom the 
duration of the infusion was less than 4 hours had 
already been excluded. There were no significant 
differences between the two groups with respect 
to age, weight, height and parity (Table 1). 

The mean duration of the epidural infusions 
was 481 minutes in Group A and 458 minutes in 
Group B. In Group A there were 47 intervention- 
free intervals and in Group B there were 73. The 
mean duration of the intervention-free intervals 
was significantly longer in Group A. The longest 
individual intervention-free interval for each 
mother was divided by the total infusion time and 
expressed as a ratio. The mean value of these 
ratios was significantly greater for Group A 
mothers (Table 2). 

There were significantly fewer interventions in 


.Group A compared to Group B in mothers re- 


quiring treatment (Table 3). Significantly fewer 
mothers required top-ups in Group A than in 
Group B (Table 4). Total bupivacaine dosage 
given as bolus injections (initial dose plus top- 
ups) was significantly less in Group A mothers 
(Table 5). There was a significantly greater in- 
cidence of severe leg weakness in Group A than 
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Table 2. Duration of epidural infusions and 
interventicn-free intervals. Mean (SEM) 


Group A Group B. 
Duration of 
infusion (minutes) x 481(44) 458(37) 
Duration of all 
intervention-free 
intervals (minutes) 250(29) 176(17)* 
Duration of the 
longest intervention- 
-free interval for 
each mother minutes) y  389(33) 304(29) 
yix ratios 0.834(0.04) 0.708(0.05)t 


*p <0.025; tp<0.05. 

N.B. Where no intervention has been required during 
the epidural infusion, the intervention-free interval 
equals the duration of the infusion. In such a case the 
y/x ratio = 1. 


Table 3. Interventions during continuous pump 


infusion epidural 

Interventions Group A Group B 
Number of mothers 

requiring one or more 16 20 
Number of mothers 

requiring none 9 8 
Mothers requiring interventions 
Number of interventions 

per mother (mean, SEM) 1.5 (0.22) 2.35 (0.33)* 


*p<0.05. 


Table 4. Top-up injections required for maintenance of 
analgesia during continuous pump infusion epidural 





Top-ups Group A Group B 
Number of mothers 

requiring one or more 10 19 
Number of mothers 

requiring none 15 9 
Number of top-ups per 

mother (mean, SEM) 0.60.17)  1.32(0.22)* 
*p<0.02. 


in Group B (Table 6). There were 12 hypotensive 
episodes in Group A and five in Group B. Four 
of the episodes in Group A and two in Group B 
were not related to initial or top-up injections 
(Table 7). There was one case of mild inter- 


Table 1. Patient data in the two groups 


Number of mothers 
Group Primip Multip 
A 22 3 


B 23 5 


Mean (SEM) 


Age Weight (kg) Height (cm) 
25.1 (0.73) -74.6 (1.93) 
25.9 (0.84) 


161.3 (0.85) 


76.1 (1.86) 158.8 (1.42) 
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Table 5. Bupivacaine dosage received by the mothers 





(mean, SEM) 
Total of initial bolus plus 
top-up injections only (mg) 
Group A 77 6.0) 
Group B 110 (9.9)* 
Total bupivacaine dosage 
(mg, including infusion) 
Group A 232 (16.7) 
Group B 261 (16.5) 
*<0.01. 
Table 6. Leg weakness 
Number of mothers 
Group A Group B 
Maximum leg Right Left Right Left 
weakness score leg leg jleg leg 
0 1 1 2 3 
1 6 7 8 8 
2 6 7 12 12 
3 12 10 6 5 
Total number of legs 
at scores 0-2 28 45 
Total number of legs bg 
at score 3 22 11 
*p<0.012 (Fisher’s exact test). 


Table 7. Hypotensive episodes 


Time in minutes after the start 
of the epidural infusion 





Ist episode Group A Group B 
(35) 100 
(10) 70 
G0) a5 
(20) (15) 
(0) 
(5) 
75 
a5 
(0) 
2nd episode 60 (400) 
230 
3rd episode 290 


Times in parentheses indicate hypotensive episodes 
related to top-up injections. 


scapular pain in Group A. Shivering occurred in 
one Group A and in three Group B mothers. 
Bilateral segmental analgesia above T, occurred 
in eight mothers in Group A and in five mothers 
in Group B. 

In the post delivery interview, mothers were 
asked to recall any periods of pain during the 
epidural infusion and grade the one which was 
most severe. The results are shown in Table 8. On 
direct questioning of each mother, only one in 
Group A and five in Group B stated that leg 
weakness bothered them. The five in Group B 
were bothered ‘only a little’, while the one in 
Group A was bothered ‘a lot’. This mother was 
also the only one who said she would not have an 
epidural again. 

Mode of delivery is shown in Table 9. One 


Table 9. Mode of delivery in the two groups 


Spontaneous Caesarean 
Group vaginal Forceps section 
A 5 16 4 
B 2 16 10 


mother in Group A and two in Group B had 
Caesarean sections under the effects of the con- 
tinuous epidural without supplement by a top-up. 


Discussion 
The results of this study show a greater effective- 
ness of the 0.08% solution in maintaining satis- 
factory analgesia. It has already been shown that 
milligram for milligram of bupivacaine, a 
stronger solution is less effective than a more 
dilute solution during continuous pump infusion 
epidurals.” In a recent clinical investigation,‘ it 
was stated that the optimum infusion rate for this 
form of epidural was 0.125% bupivacaine at 10 
ml/hour. Nineteen of the mothers received that 
dose rate and dilution for periods longer than 
3 hours. Only four of them did not require 
top-ups. In the 25 mothers in Group A, where the 


Table 8. Mothers’ assessment of the worst period of pain during 
the epidural infusion 


Group No pain Insignificant 


A 11 8 
B 6 9 


Maximum severity of pain 





Bearable Unbearable 
5 l 
10 3 





epidural infusion period was always in excess of 
4 hours and the mean duration greater, 15 of 
the mothers did not require top-ups. 

An infusion dosage of 20 mg/hour bupivacaine 
should rarely need to be exceeded for the main- 
tenance of satisfactory analgesia. In a different 
population and obstetric environment, satis- 
factory results have been reported with 
12.5 mg/hour bupivacaine, in a 0.25% solution, 
with the epidural catheter inserted into the L,-L, 
interspace.® There is a risk involved in the choice 
of a high lumbar interspace, as it is near the 
termination of the spinal cord. One of the ob- 
jectives of the low dose rate delivered at a high 
lumbar level was to reduce instrumental delivery, 
and the incidence was a third of that in the present 
study. The mothers in Aberdeen, however, once 
the epidural has been successfully established, 
generally wish the pain relief to remain complete 
throughout labour. 

Hypotension may complicate the administra- 
tion of a bolus dose of bupivacaine. Reduction of 
top-up epidural injections may be expected to 
reduce the incidence of hypotension during the 
course of the epidural. Most of the hypotensive 
episodes in the present study were related to bolus 
injections into the epidural space. 

Complications due to delayed or unrecognised 
perforation of the dura by the catheter are likely 
to be revealed in a less dramatic manner with a 
continuous pump infusion epidural using a‘dilute 
solution of bupivacaine than with an intermittent 
top-up technique with 0.5% bupivacaine. In ad- 
dition, the 0.08% solution should have the ad- 
vantage of giving warning of intrathecal infusion 
earlier than the 0.25% solution, because of the 
greater volume infused. One would expect a block 
which would be differential; that is to say despite 
paraesthesia reaching the upper thoracic der- 
matomes, ventilatory activity would remain un- 
impaired. This observation is commonly made 
during spinal anaesthesia with an isobaric solu- 
tion of 15 mg of bupivacaine. Another theoretical 
consideration is that the 0.25% solution might 
remain localised in the lumbar area during slow 
intrathecal injection. Sudden cephalad spread of 
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the solution might occur when the patient 
changes position.® 

Except for rapidly progressing labours, or 
requests for epidural analgesia made late in 
labour, we would recommend setting up con- 
tinuous pump infusion epidurals with 0.08% 
bupivacaine as a matter of course. 
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Bacterial contamination of compressed air for medical use 


P. BJERRING anp B. ØBERG 


Summary 

The present study demonstrates a previously unnoticed source of bacterial contamination of locally 
manufactured compressed air for medical use. Air samples were drawn into a specially constructed device, 
and bacterial contents were identified from growth on agar plates. Various factors contributing to bacterial 
contamination of compressed air during production are mentioned and preventive measures are discussed. 


Key words 
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During the last 25 years, a number of authors 
have investigated respiratory tract colonisation 
by bacteria, in patients undergoing anaesthesia or 
ventilator treatment in operating rooms and in- 
tensive care units (ICU). These investigators, 
however, have focussed exclusively on the aetio- 
logical role of ventilator tubing,!:? humidifiers,? 
anaesthetic apparatus,s~* mechanical ven- 
tilators, resuscitation apparatus,’ and lack of 
clinical cleanliness by medical and nursing 
staff.1° The aim of the present study was to 


determine whether air compressors, air storage . 


tanks, pipelines and connectors might be incrimi- 
nated as sources of microbial contamination. To 
our knowledge, no investigators have dealt with 
possible contamination of compressed air. 

Air for medical use (AM, Aer Medicinalis) is 
manufactured locally, in the hospital’s Technical 
Department and has to meet certain quality 
requirements specified in the Pharmacopoeia 
Nordica,!! but these regulations deal with the 





chemical composition only. Surprisingly, no 
limitations are laid down for any possible micro- 
bial contamination, nor does the International 
Standards Organisation have any recommenda- 
tions. 


Methods 


Air samples were collected into a specially con- 
structed device, from pipeline outlets in 
operating rooms and ICUs throughout the 
hospital. During each period of sampling, 18 
litres of air/minute were drawn into a Bourdillon 
slit sampler}? in which a 14 cm Petri dish (10% 
blood agar) was slowly rotating. During 
the 10 minute sampling time, the turntable 
holding the Petri dish rotated once. The construc- 
tion of the slit sampler ensured close contact be- 
tween the air samples and Petri dishes. Prior to 
each sampling, all accessible parts of the device 
were carefully cleaned with 62% ethanol and the 
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Table 1. Micro-organisms found in central air compressors and peripheral air outlets 


whole system was flushed with the air to be col- 
lected, at a rate of 65 litres/minute. Samples were 
also drawn from a sterile laminar flow cabinet to 
provide negative controls. The Petri dishes were 
then submitted to the Regional Department of 
the Danish State Serum Institute for culture and 
identification of bacteria and fungi. 

Specimens of condensed water were also taken 
from the compressed air storage tanks in the 
hospital’s technical department which supplied 
the investigated peripheral outlets. Bacterial and 
fungal contamination was again determined from 
growth on agar plates. 


Results 


Table 1 lists the micro-organisms. A total 
of 34 samples were analysed, seven from central 
installations and 27 from peripheral air outlets. 
In positive samples, the number of micro- 
organisms varied from 6 to 16/1000 litres of 
air. No other contaminants were found, other 
than the above mentioned micro-organisms. 


Discussion 

The results show a previously unnoticed source of 
infectious agents. A possible explanation for 
apparently uncontaminated plates may well be 
impaction of bacteria between the air intake and 
the slit sampler, and inability of the slit sampler 
to trap all bacteria present. The values in Table 
1 must therefore be minimum figures, and the 
problem is undoubtedly underestimated in this 
study. ‘ 

Other investigators have examined anaesthetic 
systems after use! or storage? and demonstrated 
a possible route of infection from patient to 


Contaminants Central (n = 7) Peripheral (n = 27) 
Number of plates Number of plates Average number of micro- 
with the micro-organism with the micro-organism organisms in positive 
(%) (%) samples/1000 litres of air 
Pseudomonas aeruginosa 2 (29) 0( 0) ar 
Staphylococcus albus 2 (29) 16 (59) 9 
Corynebacterium species 1 (14) 31) 10 
Micrococcus species 0( 0) 5 (19) 9 
Bacillus species 1 (14) 8 (30) 6 
Moulds 1 (14) 5 (19) 16 
Plates without growth 2 (29) 5 (19) 
Percent positive samples 71 81 


patient. This, indeed, is of great significance, and 
has resulted in numerous methods of disinfection 
of anaesthetic apparatus and ventilators.'*~ '° It 
is equally important, however, that patients in 
ICUs and postoperative patients may be exposed 
to pathogens via high-flow air—-oxygen mixtures 
(Y-systems) or ventilator systems. Even if the 
presence of bacteria in the inspired air does not 
necessarily mean that patients will become in- 
fected, it certainly increases the likelihood 
of that event. 

The bacterial flora isolated from peripheral air 
outlets, which in our investigation is virtually the 
same as that found in the central air-generating 
installations, is a mixture of pathogens and nor- 
mal skin bacteria. However, when supplied dir- 
ectly into the tracheas of seriously ill patients, no 
sharp distinction between pathogenic and non- 
pathogenic bacteria can be maintained. Further- 
more, the mucociliary transport system may be 
impaired by high oxygen tensions in the inspired 


„air,!? or by drugs such as atropine?® acetyl- 


salicylic acid!° and morphine.?° The stagnation 
of bronchial secretions is a well-known complica- 
tion in ICU patients, and the presence of bacteria 
in air inspired via a tracheal tube may add to the 
problem. Whereas a general medical or surgical 
patient has a 6% risk of becoming infected during 
his hospital stay, the ICU patient has an 18% 
risk.?1 

Air for medical use is rich in condensed water, 
and the oil aerosol from the compressor makes air 
storage tanks favourable media for the prolifera- 
tion of bacteria. In the present investigation, 
Pseudomonas aeruginosa were found in oil—-water 
emulsions from AM storage tanks. Oil-water 
aerosols may also cover the inner surfaces of the 
pipeline system and act as a growth medium for 
micro-organisms. In exténsive pipeline systems, 
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special attention must be paid to blind loops and 
other locations suitable for trapping and pro- 
liferation of bacteria. 

The source of the bacteria is either the lubricat- 
ing oil for the compressors or the ambient air 
being taken into the compressors without inter- 
position of a bacterial filter. The solutions to this 
problem would be the use of sterile oil, reduction 
of oil in the AM, and the addition of bacterial 
filters to the compressors’ air intakes. Inhalation 
by patients of mineral oil aerosol contained in 
AM is limited to 5 mg/cu m air;!! whether long 
term exposure to such aerosols during ventilator 
treatment may lead to lipid pneumonia remains 
an unsolved problem. 

Until sterile air can be supplied, we also recom- 
mend ñlters in ventilators and all other equip- 
ment driven by or requiring AM, but the ef- 
ficiency of bacterial filters contaminated with oil 
must be questioned. Users of AM, as well as 
producers (Hospital Authorities), are urged to 
focus on this possible source of bacterial con- 
tamination of seriously ill patients receiving dif- 
ferent types of ventilatory assistance. 

It may be necessary to set limits to the max- 
imum bacterial content of medical air. Regular 
quality control by Health Authorities must pre- 
vent the air from being a constant source of bac- 
terial contamination, which would otherwise 
significantly reduce the value of sterilisation 
efforts directed at equipment closer to the patient. 
Medical air is a pharmaceutical specialty, regis- 
tered in the pharmacopoeias, and the usual high 
standard of quality control should include this 
product as well.. 
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Time course of action of combinations of 
vecuronium and pancuronium 


S. K. PANDIT, C. J. FERRES, F. M. GIBSON anp R. K. MIRAKHUR 


Summary 


Vecuronium 0.1 mg/kg, pancuronium 0.1 mg/kg, vecuronium 0.075 mg/kg + pancuronium 0.025 mg/kg, 
vecuronium + pancuronium 0.05 mg/kg each and vecuronium 0.025 mg/kg + pancuronium 0.075 mg/kg 
were compared with respect to time taken to onset of effect, duraticn of clinical relaxation and intubation 
conditions in five groups of 20 patients each. The time to onset and intubating conditions were similar in 
all the groups, indicating that the combinations have no advantage over the individual drugs. The duration 
of clinical relaxation was 25 minutes with vecuronium, and increased as the proportion of pancuronium in 


the mixture increased, being 56 minutes with pancuronium 0.1 mg/kg. 


Key words 


Neuromuscular relaxants; pancuronium, vecuronium. 


Of all the currently available muscle relaxants, 
only suxamethonium provides quick and pro- 
found muscle relaxation for a relatively short 
period of time. Thus, despite its several dis- 
advantages, suxamethonium remains the muscle 
relaxant of choice in many situations, such as 
those which call for a rapid sequence induction of 
anaesthesia and tracheal intubation as in patients 
presenting for emergency surgery with a full 
stomach. Non-depolarising muscle relaxants 
such as pancuronium can provide good con- 
ditions for rapid tracheal intubation only if the 
dose is increased much beyond the normal 
range.! However, large doses may be inap- 


propriate in operations of a relatively short dura- 
tion. The recently introduced muscle relaxant, 
vecuronium, is a definite improvement as it pro- 
vides acceptable intubating conditions more 
rapidly than pancuronium, but these are still not 
as good as those obtained with suxamethonium.? 
It has been demonstrated that a combination of 
relaxants such as pancuronium plus metocurine 
or pancuronium plus tubocurarine is associated 
not only with a potentiation of effect, but also 
with a shorter duration of block and a slightly 
more rapid onset of action.3~ 5 

The purpose of the present study was to assess 
the intubating conditions with, and to determine 
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the time course of action of, three different 
combinations of pancuronium and vecuronium, 
and to compare these with the commonly used 
standard doses of the individual drugs. 


Patients and methods 


One hundred adult patients 15-65 years of age, 
ASA grades 1 and 2, who gave informed consent, 
were included in the study following approval 
from the regional ethical committee. All were 
undergoing elective surgery requiring the use of 
non-depolarising muscle relaxants. 

Following premedication with diazepam 10-15 
mg orally, anaesthesia was induced with thio- 
pentone 4-5 mg/kg and maintained with 70 per- 
cent nitrous oxide in oxygen and intravenous fen- 


tanyl 4-5 pg/kg and droperidol 2.5-5.0 mg. 


Ventilation was assisted as required. Vecur- 
onium, pancuronium or three combinations of 
these muscle relaxants were administered as a 
bolus dose in the amounts and proportions 
shown in Table 1. Twenty patients were randomly 
allocated to each of the five groups. 


Table 1. Muscle relaxant dosage 


Dosage 

Group Drugs (mg/kg) n 

I Vecuronium 0.1 20 

Il Vecuronium + 0.075 20 
pancuronium 0.025 

WW Vecuronium + 0.05 20 
pancuronium 0.05 

IV Vecuronium + 0.025 20 
pancuronium 0.075 

v Pancuronium 0.1 20 


Intubating conditions at 60 seconds after re- 
laxant administration were assessed on a four 
point scale as excellent, satisfactory, fair or poor, 
using previously described criteria.” Excellent 
and satisfactory grades are considered clinically 
acceptable; a grade of poor indicates failure to 
intubate. 

A peripheral nerve stimulator (Myotest, Bio- 
meter Ltd) delivering a train-of-four (TOF) 
stimulation at 2 Hz every 10 seconds to the ulnar 
nerve at the wrist using surface electrodes was 
used to monitor the neuromuscular block. The 
number of contractions felt in response to the 
TOF stimulation were counted with the thumb 
held in slight abduction. The onset of complete 
block was taken as the time from the administra- 

„tion of the relaxant to the time at which all four 


responses to a TOF stimulation disappeared. The 
duration of clinical relaxation was taken as the 
time from drug administration to the re- 
appearance of all four responses. Though this 
tactile method of assessing neuromuscular block 
is not the most accurate,’ it is useful for its 
simplicity as it does not involve the use of a trans- 
ducer and recording system. Moreover, the end 
points used in the study would perhaps not be 
affected. The study was terminated at this point 
and further anaesthesia and muscle relaxation 
maintained according to the subsequent needs of 
surgery. Heart rate and arterial blood pres- 
sure were monitored throughout using ECG and 
a Dinamap. 

The comparability of ages and weights was 
assessed using analysis of variance, as were the 
times to onset and duration of clinical relaxation. 
Intubating conditions were compared using the 
Chi squared test. 


Results 
The physica! characteristics of the patients in the 


various groups are given in Table 2. There are no 


Table 2. Physical characteristics of patients 





Mean Mean weight Sex 
Group years (SEM) kg (SEM) M F 
I 37 (2.4) 62 (2.8) 3 17 
H 42 (2.7) 62 (2.4) 4 16 
Ill 45 (2.9) 61 (24). 4 16 
IV 39 (2.5) 62 (2.1) 2 18 
V 36 (2.6) 63 (2.1) 6 14 


Differences between groups not significant. 


significant differences in ages (F = 1.98, p > 0.05) 
and weights (F=0.12, p>0.05). Females 
represent a majority in all groups. 

The intubating conditions obtained in the 
various groups are shown in Fig. 1. Only about 
half the intubations were clinically acceptable 
across the groups and there were no significant 
differences in the groups in this respect (x? = 5.05, 
df = 4, p>0.05). The time to onset of maximum 
block (shown in Table 3) varied from 3.4 to 4.0 
minutes; the difference between the groups was 
insignificant (F = 0.89, p>0.05). The main dif- 
ference observed between the groups was in the 
duration of clinical relaxation. As Fig. 2 illus- 
trates, the duration increased steadily as the 
proportion of pancuronium in the mixture in- 


y 


incidence (%) 


Groups I I = E Xx 


Fig. 1. Intubating conditions following administration 

of vecuronium and pancuronium and their com- 

binations (see Table I for identification of groups). (W), 
Excellent; (IM), satisfactory; (E), fair; (0), poor. 


Table 3. Time to onset of maximum block 





Time 
Group minutes (SEM) 
I 3.9 (0.29) 
II 3.4 (0.21) 
m 3.5 (0.25) 
IV 3.6 (0.27) 
v 4.0 (0.24) 


Differences between groups not significant. 


60 
50 
40 


Duration (minutes) 
w 
© 





Groups I I m Ww x 


Fig. 2. Duration of clinical relaxation following 
vecuronium and pancuronium and their combinations 
(see Table I for identification of groups). 


creased. The duration was 25 minutes with 
vecuronium alone and it increased to 26, 32, 44 
and 57 minutes respectively, in Groups I to V; 
this was significant as tested by analysis of 
variance (F = 22.26, p< 0.01). 


Discussion ; 
The present study was designed not only to com- 
pare vecuronium and pancuronium, but also to 
study any interaction between them. It is clear 


that the onset of neuromuscular block is not any 
faster when combinations of vecuronium and 
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pancuronium are used, in comparison to the 
individual relaxants. This may be due to the fact 
that a combination of pancuronium and 
vecuronium results only in a simple summation of 
effect, rather than any potentiation.’ The similar 
time to onset of effect is also reflected in the 
intubating conditions, which are not significantly 
different from each other. It is also clear that, in 
general, only about 50 percent of intubations 
carried out at 60 seconds are clinically acceptable 
right across the groups. It is possible that the 
intubating conditions would improve if these 
were carried out at 90 or 120 seconds, but these 
would then be no better than those observed with 
vecuronium alone at these times. Even if a dose 
of 0.15 or 0.2 mg/kg of vecuronium is used in an 
attempt to facilitate earlier intubation, this is not 
associated with a prolonged block, as is en- 
countered with similar doses of pancuronium.' 

In the present study, the duration of clinical 
relaxation with vecuronium was shortest 
amongst all the groups, averaging about 
25 minutes. It increased as the proportion of pan- 
curonium in the mixture was increased. This is in 
keeping with the comparative durations of action 
of vecuronium and pancuronium,’ and would be 
expected in the absence of any potentiation. 

In conclusion, it is clear from the present study 
that combinations of vecuronium and pan- 
curonium do not significantly alter the time 
course of action of either drug and have no 
clinical usefulness. 
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Plasma bupivacaine concentrations following psoas 
compartment block 
J. A. ODOOM, W. W. A. ZUURMOND, I. L. SIH, J. BOVILL, G. OSTERLOF 
anp H. V. OOSTING 
+ Summary 


Fourteen patients undergoing hip replacement surgery under psoas compartment block combined with 
general anaesthesia were studied. Group 1 (n= 7) received plain and Group 2 (n = 7) received 0.25% 
bupivacaine with adrenaline. The mean maximum peak concentratiors were 1.93 (SEM 0.46) ug/ml and 
1.04 (SEM 0.19) pg/ml at 10 minutes in groups 1 and 2 respectively. Bupivacaine concentrations were higher 
‘at all times in the group which received plain than the group receiving solution containing adrenaline. These 
differences were statistically significant at 10, 15 (p<0.05) and 39 minutes (p<0.025). The highest 
recorded plasma bupivacaine concentration was 4.54 g/ml in one patient receiving plain bupivacaine. No 
patient developed any signs of toxic symptoms. The duration of analgesia was longer (p < 0.005) in the group 
receiving bupivacaine with adrenaline. Bupivacaine 0.25% with adrenaline 1; 200000 is safe for psoas 
compartment block, and is recommended for hip surgery. 


Key words 
Anaesthetic techniques, regional, psoas compartment block. 
Anaesthetics, local; bupivacaine. 


Psoas compartment block may be used to achieve 
complete analgesia of the lower extremity with 
minimum side effects. Because of cardiovascular 
stability,’ it is preferred to spinal or epidural 
analgesia, which can cause hypotension.? 
Bupivacaine 0.5% produces profound motor 
blockade, which can allow subluxation of the 
joint in the early postoperative period in patients 
who have undergone hip replacement. Bup- 
ivacaine 0.25% produces effective analgesia and 
motor blockade which is adequate for surgery. 
However, with this concentration large volumes 


(30-40 ml) are needed to fill the psoas compart- 
ment, in order to ensure complete analgesia. The 
plasma concentration using this volume has not 
previously been studied. We therefore measured 
the plasma concentration of bupivacaine follow- 
ing psoas compartment block using 40 ml 0.25% 
solution with and without adrenaline 1:200000. 


Methods 


Fourteen patients undergoing total hip replace- 
ment surgery took part in the study. All gave 
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informed consent for the investigation which was 
approved by the Hospital Ethical Committee. 
They were randomly allocated to one of two 
groups. Group 1 (n = 7), three males and four 
females, received 0.25% plain bupivacaine and 
Group 2 (n= 7), four males and three females, 
received 0.25% bupivacaine with adrenaline 
(1:200 000). Premedication was with diazepam 10 
mg, orally one hour prior to surgery. 

On arrival in the operating room, electro- 
cardiogram (ECG) electrodes were applied and 
an intravenous infusion established. Blood pres- 
sure was measured every 5 minutes using an 
automatic blood pressure monitor. After pre- 
oxygenation, anaesthesia was induced with 
methohexitone, 0.75-1 mg/kg followed by suxa- 
methonium | mg/kg to facilitate intubation of the 
trachea. Anaesthesia was maintained with 60% 
nitrous oxide and oxygen and 0.4-0.8% en- 
flurane. Patients were allowed to breath spon- 
taneously via a semiclosed circle system, with a 
gas flow of 6 litres/minute. 

Following induction of anaesthesia, a radial 
artery cannula was inserted percutaneously. The 
patient was then positioned with the affected side 
uppermost, and the psoas block performed with 
the aid of neurotracer (Top Pole, Japan) using the 
landmarks described by Chayen et al.” When 
contraction of the lower limb was observed upon 
stimulation, an aspiration test was performed to 
exclude the presence of blood or cerebrospinal 
fluid (CSF). If this was negative, 40 ml 0.25% 
bupivacaine either with or without adrenaline 
was injected. The patient remained in the lateral 
position for 5 minutes and was then placed in a 
semilateral position. 


Blood sampling 

Arterial blood samples (10 ml) for estimation of 
bupivacaine concentrations were collected into 
lithium heparin tubes 2, 5, 10, 30, 60, 90, 120, 180 
and 240 minutes after the injection of the bupi- 


vacaine. The heparinised blood samples were 
centrifuged and the separated plasma stored at 
~~ 20° C until analysed. 


Bupivacaine measurements 


All samples were analysed in duplicate using gas— 
liquid chromatography as described by Zylber- 
Katz and colleagues.* Duration of analgesia was 
assessed by timing the intervals between the initial 
dose of local anaesthetic solution and the ad- 
ministration of postoperative analgesic drugs. 

Data were analysed using analysis of variance. 
Values of p<0.05 were considered significant. 
Results are expressed as mean (SEM). 


Results 


The groups were comparable with respect to age, 
weight, height, blood loss and transfusion re- 
quirements (Table 1). The duration of analgesia 
was longer in the group receiving bupivacaine 
with adrenaline than the group who received 
plain bupivacaine (p < 0.005). 

Bupivacaine concentrations were higher at all 
times during the 4-hour period in the plain 
bupivacaine group than in the bupivacaine and 
adrenaline group. These differences were statis- 
tically significant at 10, 15 (p<0.05) and 
30 minutes (p <0.025). 

The highest peak concentration measured was 
4.54 ug/ml following plain bupivacaine and 1.62 
ug/ml when adrenaline was included in the 
solution. These changes occurred at 10 minutes 
after bupivacaine injection. The time at which 
peak concentrations occurred varied from 2-15 
minutes. The concentrations in individual 
patients are shown in Tables 2 and 3. The 
maximum average peak concentrations were 1.94 
(SEM 0.46) ug/ml (range: 0.02-4.54) and 1.04 
(SEM 0.19) ug/ml (range: 0.07-1.9) in the groups 
receiving plain and bupivacaine with adrenaline 
respectively. The average change is shown in 


Table 1. Mean (SEM) values of ne pire height, duration of surgery, duration of analgesia, blood loss and blood 
fusion requirements in both groups of patients 


Duration of Duration of 


Age Weight Height 
solution (years) (kg) (cm) 
No adrenaline 79.1 65.3 160 

(2.3) (2.4) (2) 
Adrenaline TIA 68.4 170 
G3) (3.4) B) 


surgery 
(minutes) 


Blood loss Blood transfusion 


analgesia (ml) requirements 

(minutes) (ml) (ml) 
546 1020 750 
(60) (240) (192.5) 
876* 1060 774 
(72) (120) (80.5) 


*Significant difference between bupivacaine plain and bupivacaine with adrenaline, p< 0.005. 
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Table 2. Mean (SEM) arterial plasma céncentrations (ug/ml) of plain bupivacaine in individual patients (n = 7) 





Patient 0 2 5 10 
1 0 0.52 1.30 1.80 
2 0 0.92 1.18 0.99 
3 0.02 1.99 1.44 1.29 
4 0 0.24 0.92 4.54 
5 0 0.02 0.67 1.67 
6 0.1 1.72 1.36 1.12 
7 0 1.98 1.10 213 
Mean 0 1.06 1.14 1.93 
(SEM) 0 0.32 0.10 0.46 


Time (minutes 


15 


1.42 
0.79 
1.09 
2.33 
1.70 
1.01 
4.14 


1.78 
0.44 


30 60 90 120 180 240 
1.42 105 0.48 074 062 0.52 
0.55 0.53 0.76 0.31 0.37 0.71 
0.87 0.68 0.53 0.32 0.16 0.23 
1.86 1.43 0.45 0.63 0.48 0.42 
1.01 0.78 118 0.61 0.52 (0.47 
0.77 0.88 0.78 0.59 0.59 0.56 

„1.94 0.85 0.56 064 0.51 0.42 
1.20 0.90 068 055 046 0.48 
0.21 0.10 0.10 006 0.06 0.06 


Table 3. Mean (SEM) arterial plasma concentrations (ug/ml) of bupivacaine with adrenaline (1:200000) in in- 
dividual patients (n = 7) 


Time (minutes) 


Patient 0 2 5 10 

I 0 0.95 1.09 1.14 

2 0 0.27 1.19 1.38 

3 0.02 1.11 1.06 0.89 

4 0: 1.25 1.9 1.50 

5 0 0.96 1.27 1.62 

6 °0.03 0.18 = 0.21 0.43 

7 0 0.07 0.17 0.33 

Mean 0.00 0.68 0.98 1.04 
(SEM) 0.00 0.19 023 0.19 


15 


0.99 
1.48 
0.72 
1.24 
1.20 
0.36 
0.43 


0.92 
0.16 


30 60 90 120 180 240 
0.85 065 048 049 034 0.53 
1.24 089 045 0.52 0.52 0.28 
0.49 027 0.30 0.29 093l 0.30 
0.91 0.78 0.69 048 028 0.27 
0.78 0.59 0.55 0.47 029 0.40 
0.45 0.33 0.29 032 0.50 0.31 
0.73 0.69 O55 047 039 0.54 
0.79 0.60 0.47 043 0.37 0.38 
0.10 0.09 0.05 0.03 0.04 0.04 





Fig. 1. The highest recorded plasma concentra- 
tion was 4.54 ug/ml. Two patients, both receiving 
bupivacaine, had a plasma concentrations above 
4 ug/ml (Tables 2 and 3). No patient developed 
toxic symptoms. 


Discussion 


The maximum recommended dose of bup- 





ivacaine in any 4-hour period is 2 mg/kg.5 This 
dose is higher than that used in the present study 
(1.5 mg/kg). 

The average peak arterial concentrations ob- 
tained in the group receiving plain bupivacaine 
was 1.93 ug/ml, and 1.04 ug/ml when adrenaline 
was used. These levels are comparable to those 
concentrations reported following epidural and 
intercostal nerve blocks with bupivacaine.* How- 





2. ‘| 

£ Ni 

ES 

£ 

Š 

; | Se 
o 

£ 

Ld 

p 

Qa 

0251015 120 Teo 240 
Time sia 


Fig. 1. Arterial plasma concentrations following psoas compartment block using 0.25% bupivacaine. Mean values 
(SEM). Asterisks indicate level of significance between plain and bupivacaine with adrenaline: *p<0.05; **, 
p<0.025. (@——_@), plain bupivacaine; (II-—-M]), bupivacaine with 1:200000 adrenaline. 
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ever, in two of the patients receiving plain 0.25%, 
the plasma concentrations measured were 
4.54 pg/ml and 4.14 ug/ml, which are above the 
reported toxic plasma bupivacaine concentra- 
tions (2—4 ug/ml) in man.”:® None of the patients 
in this study developed systemic toxicity, and this 
is probably due to the concomitant use of dia- 
zepam premedication and general anaesthesia, 
both of which suppress toxic effects.°:!° 

The average plasma concentrations of bup- 
ivacaine in this study were statistically higher at 
10, 15 (p<0.05), and 30 minutes (p<0.025) in 
those patients who received the plain solution 
than in those who received bupivacaine with 
adrenaline.''~'3 However, there was a large 
variability of peak plasma concentrations in 
individual patients (Tables 2 and 3). Our findings 
are consistent with the report of Neill and Wat- 
son,*> who found significantly higher peak con- 
centrations in patients receiving 0.5% plain 
bupivacaine than in those receiving bupivacaine 
with adrenaline for fifth cranial nerve and cervical 
plexus blocks. 

In this study, addition of adrenaline to bup- 
ivacaine was effective in prolonging the analgesic 
duration. Similar findings have been previously 
reported.14 Colley et al.,!5 however, found no 
difference in either the plasma concentrations or 
the duration of analgesia in patients receiving 
0.25% bupivacaine with and without adrenaline 
(1:200000) for scalp infiltration. The difference 
between the findings of these authors and the 
results presented in this study might have been 
due to the different site of injection of the local 
anaestheic.'++1? It has also been reported that the 
effect of adrenaline on duration of analgesia 
depends on both the local analgesic agent used 
and the type of regional procedure performed.'° 

In conclusion, this study has demonstrated that 
the use of 40 ml 0.25% bupivacaine containing 
adrenaline (1:200000) for psoas compartment 
block is safe, and it is recommended for hip 
surgery. 
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Pretreatment with opioids 


The effect on thiopentone induction requirements and on the onset of action of midazolam 


J. W. DUNDEE, N. J. HALLIDAY, T. J. MCMURRAY anp K. W. HARPER 


Summary 


Pretreatment with small doses of fentanyl (100 ug) or alfentanil (300 pg) was found significantly to reduce 
the induction dose of thiopentone. Fentanyl 50 ug and alfentanil 150 pg also significantly reduced the onset 
time and increased the consistency of action of midazolam. Respiratory depression was not a problem when 


50 ug fentanyl or 150 yg alfentanil were used. 


Key words 


Anaesthetics, intravenous, thiopentone, midazolam. 


Analgesics, narcotic; fentanyl, alfentanil. 


The delayed and variable action of midazolam in 
inducing anaesthesia has been outlined in 
previous studies. Used alone, we found mid- 
azolam to be unsuitable for the induction of 
anaesthesia in younger patients. By contrast, 
thiopentone is a reliable and rapidly acting in- 
duction agent and, if it were not for accompany- 
ing cardiovascular and respiratory depression, 
would be the ideal induction agent. 

Various premedicant drugs, including intra- 
muscular morphine with hyoscine, have been 
shown to decrease the requirements of thio- 
pentone.? However, intramuscular opiate pre- 
medication is less than ideal;? it involves adminis- 
trative problems for nursing staff in recording the 
use of a controlled drug and in giving an injection. 
Furthermore, it may cause nausea, respiratory 
depression and, less commonly, hypotension. 
Oral premedication with a benzodiazepine has 
become increasingly popular, but oral diazepam 
improves neither the reliability nor the rapidity of 
induction of intravenous midazolam.‘ 


Although not providing pre-operative anxio- 
lysis, intravenous pretreatment in the operating 
theatre with a short-acting opioid such as fen- 
tanyl or alfentanil offers an alternative to the 
intramuscular use of morphine or pethidine. 
Here, we report the effect of such pretreatment on 
the induction dose of thiopentone and the speed 
of onset and reliability of intravenous mid- 
azolam. It was not possible to measure directly 
the ‘induction dose’ of a slowly acting drug such 
as midazolam, the clinically important feature 
being the onset time in those patients who lose 
consciousness within 2-3 minutes. 


Method 


Studies were carried out on fit, unpremedicated 
patients scheduled for operations for which either 
thiopentone or midazolam could be the induction 
agent of choice. Their ages ranged from 16-50 
years. There were five groups induced with mid- 
azolam and three with thiopentone, one of which 
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acted as a ‘control’, with no pretreatment. Thio- 
pentone was preceded by 100 ug fentanyl or an 
equipotent dose of alfentanil 300 yg intraven- 
ously over 2 minutes, with additional groups re- 
ceiving 50 ug fentanyl or 150 ug alfentanil before 
midazolam. A further 2 minutes elapsed before 
induction with thiopentone or midazolam was 
commenced. The pretreatments were allocated in 
random order in both the thiopentone and 
midazolam series but both were run concurrently 
with other similar studies and this explains the 
difference in patient numbers in the various series 
in Tables I and 2. 


studies were therefore carried out in patients of 
both sexes. 


Results 


Table 1 shows that the numbers and physical 
characteristics of the patients in the three groups 
who received thiopentone were broadly com- 
parable. Also expressed here are the mean thio- 
pentone requirements in mg/kg and, in view of the 
non-linearity of the distribution, also in log, 
mg/kg. It can be seen that pretreatment with both 
fentanyl and alfentanil significantly decreases the 
‘induction’ dose of thiopentone (p<0.001 when 


Table 1. Anthropomorphic data, mean and mean log, thiopentone requirements in control and fentanyl or alfentanil 


pretreated groups 
Mean age Mean weight Mean dose Mean log, dose 
n (years, SEM) (kg, SEM) (mg/kg, SEM) (mg/kg, SEM) 
Control 39 41 (2.1) 60 (1.8) 4.60 (0.17) 1.51 (0.04) 
Fentanyl 100 ug 5I 38 (1.8) 62 (1.8) 3.30 (0.16) 1.16 (0.04) 
Alfentanil 300 ug 37 37 (1.8) 63 (2.5) 3.76 (0.17) 1,40 (0.05) 


Table 2. Anthropomorphic data, mean induction times and % of patients asleep by 3 minutes, following intra- 
venous midazolam 0.3 mg/kg in fentanyl, alfentanil and unpretreated groups 


Mean induction Mean log. 
Mean age Mean weight time induction time % asleep 
n (years, SEM) (kg, SEM) (seconds, SEM) (seconds, SEM) at 3 minutes 
Control 110 38 (3.3) 62 (0.1) 113.7 (1.07) 4.53 (0.06) 60 
Fentanyl 50 ug 52 32 (1.2) 62 (1.6) 77.9 (7.08) 4.13 (0.07) 85 
100 ag 52 34 (1.1) 65 (1.7) 58.2 (5.71) 3.91 (0.07) 92 
Alfentanil 150 ug 40 33 (1.1) 63 (1.6) 76.4 (5.16) 4.13 (0.07) 85 
300 ug 40 34 (1.1) 60 (1.3) 55.9 (5.48) 3.95 (0.08) 90 





The dose of thiopentone was estimated using 
the method described by Dundee et al.? An initial 
dose of 2 mg/kg of 2.5% solution was given into 
a large antecubital vein over 10 seconds; after a 
further 30 seconds, the eyelash reflex was tested 
and increments of 25 mg were given every 15 
seconds until this was abolished. The induction 
dose of midazolam was standardised at 
0.3 mg/kg and was injected into a large ante- 
cubital vein over 20 seconds. The induction time 
was teken from the end of injection until verbal 
contact with the patient was lost. If this had not 
occurred by 3 minutes, the induction time was 
noted as 180 + seconds and anaesthesia was 
completed with inhalational agents. 

In view of the sex difference in the induction 
dose of thiopentone,?"* the thiopentone studies 
were all carried out on women. This sex difference 
has not been demonstrated with midazolam;* 


expressed in both mg/kg and log, mg/kg). 

Table 2 gives the relevant findings for mid- 
azolam. Whether the mean induction time is ex- 
pressed as in absolute time or as the mean of the 
log time, there is a highly significant reduction in 
both fentanyl and alfentanil pretreated groups 
(p <0.001). Furthermore, potentiation by opioid 
pretreatment can be seen, with a significantly 
greater number of patients asleep by 3 minutes 
(p<90.001). 

In the doses used, both fentanyl and alfentanil 
produced a similar reduction in thiopentone in- 
duction dosage. This also applied to the onset 
time with midazolam. The difference between the 
action of the doses of the two opioids is not sig- 
nificant with respect to onset time or frequency of 
induction of anaesthesia; apnoea did not occur 
with the lower dose of either opioid, while assisted 
ventilation was occasionally required when mid- 


WA 


. azolam was given after 100 ug fentanyl or 300 ug 
‘alfentanil. 


Discussion 


` The reduction in thiopentone requirements fol- 


lowing pretreatment with these small doses of 
fentanyl and alfentanil would be advantageous in 
frail or elderly patients, whose cardiovascular 
status may be impaired. Furthermore, the inclu- 
sion of a potent intravenous analgesic agent will 
be important in certain painful operations, bear- 
ing in mind that thiopentone has no analgesic 
action of its own. This is not likely to be a phar- 
macokinetic potention, but rather the action of 
two different types of drugs (hypnotic and anal- 
gesic) contributing to the clinical state of anaes- 
thesia. 

There is greater reliability and more rapid onset 
of sleep following opioid pretreatment and mid- 
azolam induction in the hitherto resistant 
younger age group. The benzodiazepine—opioid 
combination is associated with cardiovascular 
stability and is used to induce anaesthesia for 
cardiac surgery. Apnoea or clinical respiratory 
depression was not a feature in any patient receiv- 
ing the lower doses of either opioid, which would 
seem adequate to potentiate the benzodiazepine. 
Although specifically studied, one would not ex- 
pect the shorter-acting alfentanil to be associated 
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with a more rapid recovery than equivalent doses 
of fentanyl. 
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The haemodynamic effects of bronchoscopy 


Effect of pretreatment with fentanyl and alfentanil 


KATHERYN J. WARK, J. LYONS anD R. O. FENECK 


Summary 

The cardiovascular responses to bronchoscopy under general anaesthesia were investigated in 36 pre- 
medicated patients. Twelve patients acting as controls received a standard intravenous anaesthetic of 
intermittent thiopentone and suxamethonium. A further 24 patients were given either fentanyl 6 pg/kg or 
alfentanil 18 g/kg intravenously, one minute prior to induction. There were significant rises in systolic 
arterial blood pressure (p < 0.05) and in rate pressure product (p < 0.05) in the patients in the control group, 
but these changes were not seen in those patients receiving either fentanyl or alfentanil. However, 
dysrhythmias and ST segment changes indicative of myocardial ischaemia were present in some patients 


in all three groups. 


Key words 
Anaesthetic techniques; bronchoscopy. 
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The haemodynamic effects of laryngoscopy and 
intubation have been shown to be due to a 
sympatho-adrenal response to stimulation of the 
upper respiratory tract.! Laryngoscopy produces 
a marked rise in heart rate and in arterial blood 
pressure.?> Bronchoscopy entails more manip- 
ulation of the upper and lower respiratory tracts 
takes a significantly longer time, and would 
be expected to produce a longer and possibly 
more severe hypertensive response. 

These pressor responses are of short duration 
and are usually well tolerated. However, un- 
toward effects may occur, in particular dys- 
rhythmias and a rise in myocardial oxygen 
consumption. Myocardial ischaemia may 
result,*-3 and may be especially worrying in those 
patients with pre-existing hypertension and 





ischaemic heart disease, and in the elderly with 
accompanying lung disease. Such patients are 
frequently amongst those who present for 
bronchoscopy, which itself is predictably even 
more stressful than laryngoscopy in its effeets on 
the cardiovascular system” and therefore 
represents a potentially greater hazard to safe 
anaesthesia. 

There have been many attempts to attenuate 
these adverse effects. They include topical anaes- 
thesia? and systemic lignocaine,!° both of which 
only partially suppress the response. Alpha? and 
beta blockers,!? nitroprusside’? and hydra- 
lazine!* have also been tried. Many of these have 
adverse and long lasting effects, and the use of 
some of these agents may require invasive 
monitoring, which is not always appropriate to 
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the patient’s physical status and scheduled 
operation. Midazolam!5 and deeper inhalational 
techniques!® have both been recommended, but 
show a variable response. Routine premedication 
also does not obtund this response.? Fentanyl, in 
a dose of 2 ug/kg in combination with thio- 
pentone has been shown to attenuate the arterial 
pressure and heart rate increases produced by 
laryngoscopy and intubation,!®~ t8 while a dose 
of 6 ug/kg completely abolishes it.!7 We therefore 
decided to study its effectiveness during broncho- 
scopy, together with alfentanil which has one 
third of the potency of fentanyl.'° 


Methods 


Thirty-six patients presenting for bronchoscopy 
followed by another procedure were studied 
following local Ethical Committee approval. 
They were randomly allocated to either the con- 
trol, fentanyl or alfentanil group. All patients 
were physical status ASA groups 1-3. They were 
examined pre-operatively by an anaesthetist, and 
written consent was obtained after the procedure 
had been fully explained to them. 

Prior to premedication, a battery-powered, 
continuous ECG cassette recorder was attached 
to the patient using leads in the CM5 and reverse 
CM5 positions. Premedication was with pethidine 
1-1.5 mg/kg, promethazine 25 mg and atropine 
0.6 mg intramuscularly, one hour pre- 
operatively. On arrival in the anaesthetic room, 
the patient was connected to a non-invasive auto- 
mated oscillometric blood pressure monitoring 
device (Datascope Accutorr), which monitored 
the blood pressure at one-minute intervals. 
Groups 2 and 3 received fentanyl 6 ug/kg or 
alfentanil 18 „g/kg through an indwelling intra- 
venous cannula. One minute later, all three 
groups received thiopentone to obtund the eye- 
lash reflex, followed by suxamethonium 1 mg/kg. 
The patients’ lungs were ventilated via a facemask 
with 100% oxygen and, following full muscular 
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relaxation, laryngoscopy was performed and the 
larynx sprayed with 4 mi 4% lignocaine. 

Bronchoscopy was performed and the patients’ 
lungs were ventilated using the Sander’s injector 
technique with 100% oxygen. Incremental doses 
of thiopentone or suxamethonium were given as 
required, but not less than 50 mg thiopentone 
every 2 minutes or 25 mg suxamethonium every 
5 minutes. An arterial blood gas sample was 
taken at the end of the procedure. The ECG 
cassette tape was later analysed for rhythm and 
rate changes or S-T depression using an Oxford 
Medilog Analyser. The data were analysed using 
paired and unpaired Student’s t-test for the first 
7 minutes of the study. 


Results 


The pre-induction patient data are shown in 
Table 1. There was no significant difference be- 
tween the groups. The time taken for the pro- 
cedure and the dosages of drugs used is listed in 
Table 2. The changes in pulse rate are shown in 
Table 3. There was a significant rise (p < 0.05) in 
the pulse rate in the control group at one and 2 
minutes after the commencement of the broncho- 
scopy when compared to pre-induction values. 
There was a significant difference (p<0.05) 
between the pulses recorded at the post- 
laryngoscopy and one minute after commence- 
ment of bronchoscopy between the control group 
and the fentanyl group. There was a significant 
difference (p<0.05) between the alfentanil and 
the control group at the post-laryngoscopy 
recording and up to 3 minutes after the com- 
mencement of bronchoscopy. 

Table 4 shows the changes in arterial blood 
pressure. There was a significant rise (p < 0.05) in 
the control group following laryngoscopy and the 
commencement of bronchoscopy which lasted for 
5 minutes. This is also reflected in the mean and 
diastolic values. There was a significant fall 
(p<0.05) in the pressure in the fentanyl and 


Table 1. Mean (SEM) values of pre-induction patient data in the different groups 


Group (years) 

1 53 8M 
(3.6) 4F 

2 57 9M 
8.5) 3 F 

3 60 8M 
(3.3) 4F 


Weight MAP Pulse RPP 
(kg) (mmHg) (bpm) (bpm mmHg) 
69.5 108 93 12685 
G.7) 3.5) (4.1) (831) 
69.5 109 13353 
(3.5) 6.1) (5.8) (1115) 
68.5 102 86 11328 
(3.5) (3.1) (4.7) (767) 


No significant difference between groups (unpaired t-tests). 





164 K.J. Wark, J. Lyons and R.O. Feneck 
Table 2. Dosage of drugs used, mg/kg/minute (SEM) 
Thiopentone Suxamethonium 
Time total dose Thiopentone total dose Suxamethonium 
Group (minutes) (mg) (mg/kg/minute) (mg) (mg/kg/minute) 
l 7.6 633 1.3 122 0.25 
(0.6) (38.2) (0.1) (7.6) (1.01) 
2 8.1 460 hl 115 0.25 
(1.2) (38.7) (0.2) (9.5) (0.03) 
3 7.2 483 1.3 116 0.33 
(1.0) (37) (0.2) (8.1) (0.06) 
No significant difference between groups. 
Table 3. Mean pulse changes, beats/minute (SEM) 
Post-bronchoscopy 
; Pre- Post- Post- 1 2 3 4 5 6 7 
Group induction induction laryngoscopy Minute Minute Minute Minute Minute Minute Minute 
Control 93 95 99 108* 112" 105 105 102 107 101 
(4.1) (4.4) (5.9) (5.8) (9.1) (5.3) (66) (56) 04 (5.2) 
Fentanyl 94 91 9it 89t 88 89 89 86 87 88 
oe! (5.8) (5.5) (5.7) (54) 6D 68) 6D 64) (48) 46 
Alfentanil 86 88 88t 89t 87t 87t 86 90 92 93 
(4.7) (4.2) (5.2) 3.9) (44) (40) (44) 45 8BD (23) 


*Significant rise (p< 0.05) compared to pre-induction values. 
tSignificant difference (p <0.05) compared to control group values. 


alfentanil groups at the post-laryngoscopy 
recording. There was a significant difference 
(p<0.05) between the control group and the 
fentanyl group from the post-laryngoscopy 
recording until 5 minutes after the commence- 


ment of the bronchoscopy. The alfentanil group 
was also significantly different (p < 0.05) from the 
control group according to the post-laryngoscopy 
recording, until 4 minutes following the com- 
mencement of bronchoscopy. 


Table 4. Blood pressure changes, mmHg (SEM) 
Post-bronchoscopy 


Pre- Post- Post- 1 2 3 4 5 6 7 
Group induction induction laryngoscopy Minute Minute Minute Minute Minute Minute Minute 
Control S 136 132 151* 171* 167*  163* 157* 157 146 140 
(4.1) (3.7) (9.3) (9.3) (89) (7D (7 (81) (5.5) (5.0) 

D 83 84.5 100 101 114 111 108 108 105 97 

(3.5) (2.2) (6.9) (6.7) (6.2) (6.2) (5.0) (64) UD (27 

M 108 102 119 137*  134*  126* 124"  124* 112 112 

(3.5) (2.7) (8.6) (8.3) (7.6) (7.6) (5.0) (5.8) (3.8) (3.6) 

Fentanyl S 137 134 112ftt 126 134 133 130¢ 126t 128 124 
(4.6) (4.4) (5.1) (5.5) (8.2) (84) (88) (58) (7.5) (8.0) 

D 84 82 70t Bit 8st 84t 8it 8I} 84 70 

(2.7) (2.9) (4.6) (44) (64) (5.2) (5.9) (44) (5.2) (4.5) 

M 109 99T 87tt 98t 104} 102} 1024 101f 102 98 

(3.1) (4.0) (5.4) (5.5 (69) (6.6) (7.2) (8.0) (8.2) (6.0) 

Alfentanil S 131 123 113tt 130 139}  134łf  130ł 133 135 125 
(3.3) (4.2) (6.3) (6.2) GD) 089) ED BD 860 (6.7) 

D 82 76 70$ 83t 8st 87t 85t 87} 82 81 

(2.6) (3.5) (5.0) (4.9) (5.9) (50) (63) (7.4) (5.3) (6.0) 

M 101 95 86tt 99¢ 107 105$ 105f 103} 102 96 

3.1) (4.0) (5.4) (5.5) (6.9) (6.6) (7.2) (7.9) (8.2) (5.9) 


*Significant rise (p<0.05) compared to pre-induction values. 
+Significant fall (p<0.05) compared to pre-induction values. 
{Significant difference (p< 0.05) compared to control values. 
S = systolic; D = diastolic; M = mean. 


mon 
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Table 5. Rate pressure product change, beats/minute/mmHg (SEM) 


Post-bronchoscopy 

Pre- Post- Post- 2 3 4 5 6 7 
Group induction induction laryngoscopy Minute Minute Minute Minute Minute Minute Minute 
Control 12685 12758 15183 18101* 196S51* 17830* 16759* 16493* 15978* 14790* 

(831) (7271) (1629) (1666) (1805) (1394) (1039) (1227) (1314) (1045) 
Fentanyl 13353 12574 10193tt 11175} 12907f 11588} 11257$ LIOLIE 11054$ 10544t 

ais) (1011) (993) (1085) (1225) (1163) (1172) (880) (1077) (1097) 
Alfentanil 11328 10613f 10012t 11674} 12088} 11973} 11528¢ 12263 12346 11538 

(767) (552) (1020) (951) (987) (1044) (1126) (1209) (1190) (856) 


“Significant rise (p < 0.05) from pre-induction values. 
{Significant fall (p<0.05) from pre-induction values. 
{Significant difference (p<0.05) from control values. 


The rate pressure product as shown in Table 5 
showed a significant rise (p<0.05) in the control 
group from one to 5 minutes following the 
commencement of bronchoscopy. In both the 
alfentanil and the fentanyl groups, there was 
a significant drop (p<0.05) at the post- 
laryngoscopy measurement, but there were no 
significant differences in the other recordings 
when compared to pre-induction values. There 
were no other significant changes in the alfentanil 
group. 

Significant S-T depression, that is greater than 
1 mm, occurred in four patients in the control 
group, one in the fentanyl group and two in the 
alfentanil group. One of the patients in the alfen- 
tanil group had S-T depression associated with 
the onset of atrial fibrillation. He had not been 
previously digitalised. A patient in the control 
group developed multiple nodal and ventricular 
ectopics following the ST changes, and one 
patient developed S-T segment changes associated 
with an increase in the rate of pre-existing atrial 
fibrillation. He had not been previously digital- 
ised. One of the alfentanil group had bigeminy, not 
associated with significant S-T changes, and 
several of the patients in all groups had oc- 
casional ventricular ectopics. : 

The blood gases recorded at the end of the 
procedure are recorded in Table 6. As can be seen, 
all the patients were well oxygenated and Paco, 
values were well controlied. We do not consider 


that the blood gas values in any way affected our 
readings. 


Discussion 


This study has shown that bronchoscopy 
produces a significant rise in blood pressure but 
little alteration in pulse rate, and a significant rise 
in the rate pressure product (RPP). This rise in 
the latter, which is persistent, may be of some 
concern, particularly as the threshold for is- 
chaemia varies from 18 000 to 40 000 with a mean 
of about 26 000,7°~2? although there is some 
question about the significance of this.?5 

In this study, the use of fentanyl 6 ug/kg or 
alfentanil 18 ug/kg has successfully obtunded this 
response. Unfortunately, this technique would 
produce significant postoperative respiratory 
depression if used for bronchoscopy alone. 
Therefore, it is only useful when bronchoscopy is 
followed by another procedure. Interestingly, we 
did not record a significant rise in pulse rate in the 
control or the study groups at laryngoscopy, un- 
like the study by Black, Kay and Healy,?4 and 
such a rise was only recorded for a short period 
during the bronchoscopy. We are convinced that 
none of our patients was awake and adminis- 
tered a sufficient repeated bolus dose of thio- 
pentone in the presence of narcotic premedication 
to ensure this. There was no incidence of aware- 
ness. 


Table 6. Blood gases at end of procedure Fio,, 1.0; kPa (SEM) 
Thiopentone group Fentanyl group > Alfentanil group 


Paco, 4.6 
(0.62) 
Pao, 20.5 
(3.43) 


5.4 5.24 
(0.69) (0.21) 
20.6 22.5 
(3.34) (2.61) 
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The accuracy and hence usefulness of indirect 
indicators of myocardial oxygen consumption 
are currently of much interest in anaesthesia. An 
attempt was made to correlate rate pressure 
product with S-T changes, but none could be 
found and although there were more patients 
with significant S-T depression in the control 
group, there were other patients in the study 
groups who had S-T changes in spite of a lower 
RPP change. We are not sure of the significance 
of the S-T changes that were seen. One millimetre 
depression of the S-T segment during a stressful 
manoeuvre such as an exercise test is a good 
indicator of ischaemic heart disease in patients 
with other risk factors, i.e. middle aged/elderly 
males, smokers, etc.?5 Nevertheless, in any study 
there is an incidence of false positive results, 
usually distributed amongst the low risk group, 
such as young, female, non-smokers, etc.?° By the 
nature of their lung disease and their high age 
distribution, it would appear that the patients in 
this study tended more towards the higher risk 
group and the ECG changes seen in them are there- 
fore of concern, and would warrant further 
investigation. The Datascope Accutor for blood 
pressure recordings was used throughout, and we 
have previously shown that it is accurate in the 
range that we were using and correlates well with 
direct measurements of arterial blood pressure. 

This study has shown that there is a significant 
rise in systolic blood pressure and rate pressure 
product during bronchoscopy using a routine 
general anaesthetic technique and this may be 
associated with signs of developing myocardial 
ischaemia. Fentanyl and alfentanil pretreatment 
in the doses described did obtund this response in 
the rate pressure product but we were not able to 
show a significant decrease in the incidence of 
myocardial ischaemia as observed by S-T segment 
changes. Unfortunately, the dosages required of 
these drugs would significantly depress ven- 
tilation for a short procedure such as broncho- 
scopy alone. 
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Assisted ventilation and the Servo ventilator in infants 


An assessment of three systems used for CPAP/IMV 


R. M. BINGHAM, D. J. HATCH avp P. J. HELMS 


Summary 

A laboratory assessment was made of systems used for Continuous Positive Airway Pressure] Intermittent 
Mandatory Ventilation (CPAP/IMV) with the Servo 900B and 900C ventilators. Pressure-volume loops 
recorded during sine wave oscillation using an external CPAP/IMV system were similar to those found 
during normal respiration. Pressure—volume loops using the systems based on the ventilator’s inbuilt trigger 
mechanism were very different, particularly for the 900B. The results were confirmed by measurements 
in two infants. The implications of these findings with reference to the weaning of infants from mechanical 


ventilation are discussed. 


Key words 


Ventilation; intermittent positive pressure breathing. 


Equipment, ventilators. 


Continuous positive airway pressure (CPAP) and 
intermittent mandatory ventilation (IMV) are 


now widely used in neonatal and paediatric - 


intensive care. 

It has been suggested that infants and neonates 
experience difficulty breathing spontaneously 
through the CPAP/IMV mode of the Servo 900B 
ventilator (Elema Scholander, Sweden).!:? This 
has also been our clinical impression, particularly 
for premature neonates. Peters and Bennett have 
suggested a modification of the 900B ventilator, 
designed to overcome this problem.' They con- 
nected a piece of narrow bore tubing between the 
patient end of the breathing system and the 


inspiratory pressure transducer, in an attempt to _ 


reduce the negative pressure which the infant is 
required to produce at the beginning of inspira- 
tion. This modification still requires the infant to 


trigger the ventilator, as does the recently intro- 
duced 900C ventilator. Neither the Peters and 
Bennett modification nor the 900C have been 
assessed objectively in infants. 

We set out to compare the unmodified 900B 
and 900C ventilators, the Peters and Bennett 
modification and a CPAP/IMV system which by- 
passes the trigger mechanism of the ventilator 
and is similar to that described for use in adults 
by Lawler and Nunn? (Fig. 1). 


Methods 
In vitro measurements 


A standard Servo 900B ventilator, low com- 
pliance tubing and Bennett cascade humidifier 
were connected to a sine wave pump, giving a 
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Fig. 1. Diagram of the separate CPAP/IMV system 
used with the Servo ventilators. During spontaneous 
ventilation, the ventilator’s inspiratory valve is closed 
and the expiratory valve is open. The patient receives 
fresh gas at the F10, set by the mixing valve, and the level 
of CPAP is set by the PEEP valve setting. During man- 
datory breaths, the one-way valve closes and the ven- 
tilator functions normally. The continuous fresh gas 
flow from the flowmeter distends the reservoir bag 
during inspiration, then vents to atmosphere with the 
patient’s expired gas. 

Note: In clinical use, it is advisable to include a pres- 
sure relief between the flowmeter and the one-way 

valve. 


tidal volume of 47 ml at a frequency of 40 cycles/ 
minute. The catheter mount joining the pump to 
the ventilator tubing had two side arms, one of 
which could be connected to the inspiratory air- 
way pressure transducer of the ventilator by 
means of a short length of narrow bore, low com- 
pliance tubing (after Peters and Bennett). The 
other side arm was connected with a 23-cm length 
of low compliance tubing of internal diameter 3 
mm to a SE 482 pressure transducer (S.E. 
Laboratories Ltd). A Fleisch type 0 pneumo- 
tachograph, attached to a Validyne MP 45 pres- 
sure transducer was positioned in the catheter 
mount. Tidal volumes were electronically in- 
tegrated from flow. This equipment has been 
shown to record complete signals at frequencies 
in excess of 10 Hz,* which was more than 
adequate for this study. Similar measurements 
were made using the Servo 900C ventilator. 

For the unmodified ventilators and the Peters 
and Bennett modification, the trigger level was set 
to 0.1 kPa below the CPAP level, in accordance 
with the manufacturer’s instruction manual. 
With the separate CPAP/IMV system (Fig. 1), the 
fresh gas flow (FGF) was 6 litres/minute and the 
ventilator trigger mechanism was not used. The 
level of CPAP was set using the ventilator’s posi- 
tive end expiratory pressure (PEEP) valve or, in 
the case of the 900C, the inbuilt PEEP mech- 
anism. 

Records of volume and pressure changes were 
made directly onto sectional graph paper using a 
fast response XY recorder (Hewlett Packard 
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7045A). This recorder has a slewing speed of 74 - 
cm/second, and for this study a limit of 10 cm for 
both axes was adhered to, ensuring that no 
measurable attenuation would occur at the pump 
frequencies used. To compute work done during 
inspiration and expiration, these volume- 
pressure plots were integrated by tracing their 
outlines on a digitising table with a resolution of 
200 lines per inch (Summagraphics) interfaced 
with a Prime 750 computer. End expiration was 
used as a reference point to separate work done 
by the sine wave pump and the ventilator. Work 
done by the pump is represented by the areas to 
the left of the CPAP level during inspiration, and 
areas to the right of the CPAP level during expira- 
tion (Figs 2-4). Work was expressed in Joules/ 
litre of minute ventilation. Pressure and volume 
changes were recorded for each of the three ven- 
tilator systems under test at CPAP levels of 0.5 
and 1.0 kPa. 


In vivo measurements 


In order to confirm that the sine wave pump was 
an appropriate model in the above assessment, 
volume—pressure plots were obtained using the 
same apparatus and method in two infants (Figs 3 
and 4). 

Infant 1 was a three-month-old male, weighing 
6 kg, being weaned from mechanical ventilation 
following surgery for closure of a ventricular 
septal defect, 24 hours previously. Infant 2 was a 
five-month-old male weighing 4.4 kg, being 
weaned from mechanical ventilation 24 hours 
after a pulmonary valvotomy. 


Results 


The shape of the volume-pressure plots obtained 
from the breathing systems based on the ven- 
tilator’s inbuilt trigger mechanism were very 
different, both in vitro and in vivo, from those 
from the external system. The former were 
irregular, with marked swings, whilst the latter 
were elliptical (Figs 2-4). 

In the in vitro study, the unmodified Servo 
900B required a small negative pressure (— 0.4 


kPa) from the sine wave pump to initiate inspira- 


tion. Once the ventilator had cycled to inspira- 
tion, gas flow from the ventilator in excess of that 
required by the pump caused a positive pressure 
swing and the ventilator’s inspiratory valve 
closed. A further negative pressure swing was 
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Fig. 2. Pressure volume plots for inspiration and expiration for the different systems in vitro. The interrupted line 
represents the baseline pressures at end expiration. The stippled areas show the work done by the pump in each phase 


of respiration. 
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Fig. 3. Pressure-volume plots for inspiration and expiration for the different systems in vivo. Infant 1. The interrupted 
lines represent the baseline pressures at end expiration. The stippled areas show the work done by the pump/infant 
in each phase of respiration. 
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Fig. 4. Pressure volume plots for inspiration and expiration for the different systems im vivo. Infant 2. The interrupted 
lines represent the baseline pressures at end expiration. The stippled areas show the work done by the pump/infant 
in each phase of respiration. 


ho 


required from the pump to recycle the ventilator 
and complete inspiration. A positive pressure 
from the pump was required to terminate in- 
spiratory flow and initiate expiration; however, 
once this was achieved, the pressure-volume plot 
was similar in shape (although larger) to that seen 
with the external system. The plots seen when the 
Servo 900C and the Peters Bennett modification 
of the 900B were used were of a similar shape, 
although less negative pressure was required to 
initiate inspiration and, in the case of the Peters 
and Bennett modification, higher positive pres- 
sures were required to terminate inspiratory flow 
(Fig. 2). 

In the in vivo studies, the inspiratory waveform 
obtained with the unmodified Servo 900B was 
similar to that seen in vitro, although the 
magnitude of the pressure changes and their 
relationship to the perfect CPAP level varied 
between patients. In infant 1, gas flow from the 
900B ventilator was insufficient to generate a 
positive pressure at any point during inspiration 
(Fig. 3). The expiratory pressure swings were 
larger and more frequent than those seen in vitro, 
and pressure fell well below the CPAP level twice 
during each expiration. The waveform seen with 
the Servo 900C in infant 1 was similar to that 
obtained with the 900B, although much smaller 
negative pressures were required during inspira- 
tion (Fig. 3). No negative pressure was required 
to initiate inspiration with either the Servo 900C 
or the Peters and Bennett modification of the 
Servo 900B in infant 2 (Fig. 4). The pressure 
remained positive throughout inspiration. High 
positive pressures occurred during expiration 
with both these systems in this infant. 

Table 1 shows the work done by the sine wave 
pump and ventilator in the im vitro studies. During 
inspiration, more work is done by the pump when 
connected to the external system, though during 
expiration there is little difference between the 
systems. Total work done by the pump against 
the extenal system was 3.42 x 107! J/litre. ` 
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Di i 
This study was performed to investigate the 
clinical observation that infants can be weaned 
more rapidly from mechanical ventilation using 
the external breathing system described by 
Lawler and Nunn than with the breathing system 
built into the Servo ventilator. 

Work done by the pump/infant against the 
external load is represented by the shaded areas 
in Figs 2-4. Estimation of work is complex 
in the ventilator based systems. During inspira- 
tion, the total work done by the respira- 
tory muscles may be reduced because of work 
done by the ventilator on the patient’s compliance 
and resistance. In our model, however, it 
was only possible to measure work in terms of 
force x distance (pressure = volume). Un- 
detectable isometric work against closed valves 
will be greater in the two ventilator systems. 

The normal work of breathing for a healthy 
infant at rest is approximately 20-40 m J/litre.>~? 
In the in vitro studies, where the sine wave pump 
was used as a model lung, the additional work 
imposed by the external breathing system ap- 
proximately doubled the work of the pump and 
the ventilator-based systems increased it by 
between one and two thirds. However, CPAP 
reduces the work of breathing by about 25%,!° so 
it is probable that none of the breathing systems 
produce unacceptable increases in work. Work of 
breathing was not calculated in the in vivo studies 
since tidal volume and respiratory rate varied 
between patients and systems. 

Examination of the inspiratory phase of the 
pressure-volume loops shows that the external 
system provides a respiratory pattern very similar 
to normal respiration. The other systems provide 
very abnormal patterns. This is due to build up of 
pressure (and/or reduction in flow in the case of 
the Servo 900C) causing the inspiratory valve to 
close midway through the inspiratory phase, re- 


Table1. Work of breathing requirements in the three CPAP/IMV systems (mJ /litre) 


Inspiration 


Expiration 


ee | Potal 
System Pump Ventilator Pump Ventilator pump 
Unmodified Servo 900B 79 210 150 — 229 
Peters and Bennett 
modification 54 612 161 — 215 
Servo 900C 52 28 66 — 118 
External system 202 — 140 — 342 


All measurements made at 0.5 kPa CPAP. 
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quiring a further negative pressure from the 
pump/infant to complete inspiration. 

The ‘improvement’ offered by both the Peters 
and Bennett modification and the Servo 900C is 
that the humidifier is no longer between the 
patient and the pressure transducer. In the case of 
the 900C, the transducer is on the expiratory limb 
and in the Peters and Bennett modification the 
humidifier is bypassed by means of a length of 


small bore tubing. The result of these modifica- . 


tions is that a smaller negative pressure is required 
to initiate inspiration. Indeed, with these two 
systems in infant 2, no negative pressure swing was 
seen (Fig. 4). This advantage is offset in the Peters 
and Bennett modification by the larger positive 
pressure swings required to cycle the ventilator 
from inspiration to expiration. Cycling from 
inspiration to expiration required an additional 
positive pressure in the unmodified Servo 900B. 
The expiratory limb of the pressure-volume loop 
was larger (and hence work was greater) in all the 
ventilator-based systems than with the external 
system. 

In conclusion, it is not possible to explain the 
clinical observation that infants are more settled 
on the external system in terms of detectable work 
of breathing. However, the peaky waveforms 
seen with the ventilator based systems will involve 
more hidden work than the elliptical waveform of 
the external system. It is probable that the un- 
physiological patterns of inspiration in the ven- 
tilator-based breathing systems are unsettling to 
the infant, and that inflation receptors are ab- 
normally stimulated. This problem is likely to be 
much more significant with the 900B than the 
900C, and this is confirmed in clinical practice. It 
is possible to wean full term neonates from 
ventilatory support using the 900C, although 
some, particularly, if premature, tolerate this 
breathing less well than the external system. 

The near normal pattern of respiration found 
with the externa] system, together with the 
relatively small increase in the work of breathing 
which it imposes, as opposed to the abnormal 
patterns seen with all the other systems, provides 


adequate explanation for its clinical superiority. 
We suggest it is the preferred system for CPAP/ 
IMV in infants when the Servo 900B and 900C 
ventilators are used. It is now in routine use in the 
intensive care units at The Hospital for Sick 
Children and has proved inexpensive, simple to 
use and safe. 
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Monitoring EEG frequency and amplitude 
during cardiac surgery 


A. MURRAY, A. P. GLARIA anp D. T. PEARSON 


=f Summary 
Changes in the electroencephalograms of patients undergoing cardiac surgery with cardiopulmonary bypass 
were studied. An analysis technique with a simple display of amplitude and frequency within the traditional 
bands was used. During the course of an operation, there can be dramatic changes in frequency contribution 
with little or no change in overall EEG amplitude. Evaluation of the results shows that this technique clearly 


draws attention to periods of EEG change, and examples are given. 


Key words 
Monitoring, electroencephalography. 


Cerebral function monitoring, in one of its many 
forms, is now accepted as routine practice during 
cardiac surgery. A number of authors,! ~? have 
confirmed the usefulness of the information 
provided. 

A wide variety of electroencephalographic 
(EEG) monitors are now in clinical use. Many of 
these are available as standard commercial instru- 
ments, but some have been produced by research 
establishments for their own use. The techniques 
available include those which analyse the EEG 
amplitude, EEG spectra,> EEG frequency 
bands,® period-amplitude? and Hjorth des- 
criptors.® It is still relatively common to 
find only amplitude analysed, with no specific 
analysis of frequency content other than to 
tailor the frequency band for amplitude 4nalysis, 
but it is becoming recognised that frequency 
and amplitude can vary independently of one 
another.‘ In addition, there is some evidence that 
for EEG monitoring during cardiac surgery, 


many of the techniques which include both 
amplitude and frequency analyses contain com- 
parable information.*:1° 

We have produced a simple and easy to 
understand display, which monitors both EEG 
amplitude and frequency within the normally 
accepted frequency bands. The work presented 
here illustrates this new technique with a number 
of examples obtained during open heart surgery. 
This paper does not deal with the clinical value of 
the new technique, but simply with its applic- 
ability in an established field of monitoring. It 
does, however, provide further evidence for the 
use of a technique which monitors both EEG 
amplitude and frequency. 


Methods 
Recording and analysis techniques 


The technique in daily use in our open-heart 
theatres is that using the Cerebral Function 
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Monitor (CFM).* EEG recordings were taken 
during surgery by making a connexion between 
the head pre-amplifier and the main CFM instru- 
ment, so as not to interfere in any way with the 
usual monitoring practice. EEGs were analysed 
off-line, using a PDP-11 computer and plotted on 
a Hewlett Packard pen plotter. A Fourier analysis 
technique was used to obtain the frequency spec- 
trum of the EEG over each 10-second interval, 
and then the amplitude (rms) of each frequency 
band was obtained (low delta, upper delta, theta, 
and alpha). The content of each band was dis- 
played cumulatively, with low delta as the lowest 
trace and alpha as the uppermost trace. Full 
details.of the techniques used can be obtained 
from Glária and Murray.!? 

Problems of artefact were reduced because of 
the 10-second period over which analysis was 
carried out. Gross artefact could not be elimin- 
ated, but drew attention to itself on the analysis 
output as sudden and random fluctuations in the 
spectra. 

A semilogarithmic scaling was used when results 
were plotted. This scale is similar to that of the 
CFM.‘ Normally, one output point for each 
frequency band is obtained every 10 seconds, so 
that fast changes could be observed. However, for 
clarity of illustration in this report, these results 
are averaged over 1-minute intervals. 


Patients 


EEGs from 30 patients were recorded during 
cardiac surgery using the above techniques. There 
were 15 children and 15 adults. Five of the record- 
ings could not be analysed because of extensive 
noise throughout the recording. Five of the 
children underwent surface hypothermia prior to 
cardiopulmonary bypass, and, in one of these, 
surgery was undertaken with total circulatory 
arrest at a core temperature of 17°C. 
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The EEG analyses from seven af these patients 
are represented in this paper, which illustrate the 
range of results found. Table | summarises some 
of the patient information along with brief details 
of the EEG analysis results. 


Results 

Retrospective evaluation of the off-line processed 
data has shown that there were many instances in 
which there were profound changes in frequency 
content with little or no change in amplitude. 
Figure | illustrates this for three children. In all 
three, there was a sudden increase in low delta 
frequencies (lowest band) immediately after 
going on bypass. In Fig. la there was an increasein 
overall.amplitude (shown by the upper trace), but 
in Fig. 1b the amplitude did not chenge. After a 
decrease in amplitude, there was a recovery in 
Fig. la and Ic, again with a large content of low 
delta frequencies compared with beZore bypass. 
Figure lc is particularly interesting in that the 
overall amplitude is exactly similar before bypass 
(at 15 minutes) with a period after bypass (at 30 
minutes), but both have markedly different 
frequency distributions. 

Figure 2 also illustrates some independence of 
frequency and amplitude in two adult patients. 
Here, the changes are less impressive compared 
with those seen in the children. Both show 
changes in amplitude after initiation of bypass, 
but the changes in frequency appear to be more 
obvious. 

In general, the most pronounced changes in the 
EEG took place immediately after the initiation 
of cardiopulmonary bypass. An increase in over- 
all EEG amplitude was seen in some patients. 
Many patients exhibited a large increase in low 
delta freqencies, with a corresponding reduction 
in higher frequencies. This was followed in some 
patients by a reduction in overall EEG amplitude, 


Table 1. Summary of patient and EEG analysis information 


EEG analysis figure la Ib lc 2a 2b, 3 4 
Age (y) 5 2 2 62 60 2 54 
Weight (kg) 12 14 15 5 76 9 72 
Prime (ml) 1600 1400 1600 2000 2500 1600 — 
Bypass time (minutes) 63 64 13l 71 68 105 77 
Minimum temperature (C) 29 28 23 28 27 17 28 
Time to 28°C (minutes) 35* 10 5 17 13 5 25 
Minimum voltage (#V) 4 2 2 4 5 I 2 
Time to minimum voltage (minutes) 15 5 20 30 35 20 45 
Increase in low delta frequency + + + + + + 
Fastest changes in low- delta + + 

*Time to 29°C. 
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Fig. 1. EEG analysis of three children undergoing open heart surgery. Lowest curve, low delta only; second curve, 
+ upper delta; third curve, + theta; highest curve, + alpha. At the start of bypass there are dramatic changes in 
the EEG. At times there are periods with little or no changes in amplitude, but with large changes in frequency 
contribution. Start of bypass—a: 12 minutes, b: 18 minutes, c: 19 minutes. End of bypass—a: 75 minutes, b: 82 
minutes, c: 150 minutes (off Fig.). 


withta rebound and subsequent fall as the body around 28°C produced noticeable falls in EEG 
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ture dropped. amplitude. Two patients with much lower tem- 


e degree of hypothermia during surgery has peratures (23°C and 17°C) produced the lowest 
a béaring on the EEG amplitude. Temperatures EEG levels. The results from the child at 23°C are 
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Fig. 2. EEG analysis of two adults undergoing open heart surgery. Initiation of bypass—a: 37 minutes, b: 30 minutes. 
End of bypass—a: 108 minutes, b: 98 minutes. There are two burst of artefact in A (starting at 102 and 115 minutes). 
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Fig. 3. EEG analysis of a child undergoing open heart surgery during circulatory arrest with profound hypo- 
thermia (17°C). Initial phase of bypass—38 to 60 minutes. Final phase of bypass—115 to 143 minutes. 


shown in figure 1c. The child was cooled to a core 
temperature of 17°C, and was operated on under 
total circulatory arrest (Fig. 3). Immediately prior 
to the period of circulatory arrest, thiopentone 
was given and the EEG level fell to less than 1 pV 
(1 uV was the level of system noise). At the end 
of bypass, the EEG levels began to return to 
normal as the body temperature tended towards 
37°C (Figs 1, 2 and 3). 

In two patients out of the 30 studied, it was 
noted that spontaneous movements associated 
with ‘lightening’ of anaesthesia could be cor- 
related with EEG frequency and amplitude levels 
changing erratically throughout bypass. The 
results for one patient are illustrated in Fig. 4. 


of body temperatures into a number of bands; 
between 37 and 35°C there was no discernible 
change, below 35°C there was progressive slow- 
ing of the dominant rhythm, below 29°C there 
was a large increase in slow activity and a fall in 
fast activity, and below 18°C all activity ceased. 
The observations presented here broadly agree 
with these findings. In the child cooled to 17°C, 
the EEG fell to less than 1 aV. 

The largest changes in this study were seen in 
children, both at the beginning of bypass and 
throughout bypass (Fig. 1 and Table 1). Adult 
patients tended to have slower changes in EEG 


during bypass, probably as a result of slower . 


temperature changes during the procedure. In 
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Fig. 4. EEG analysis of an adult undergoing open heart surgery. This patient exhibited spontaneous movements 
associated with ‘lightening’ of anaesthesia. 
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Many of the observations made in this report are 
in agreement with other workers. Kritikou and 
Branthwaite? observed frequent EEG changes in 
patients immediately following institution of 
cardiopulmonary bypass. Many of these changes 
were particularly noticeable in children. Reasons 
for these changes have been suggested, and in- 
clude decreased cerebral perfusion, rapid patient 
cooling, microemboli, hypotension, and effects of 
bypass prime. Changes with temperature are well 
recognised. Hicks and Poole!? divided the effects 


addition, the children all received (in relationship 
to their body weight) much greater volumes of 
prime (Table 1). The children reached their 
minimum EEG amplitude faster than the adults. 
In two of the cases presented here, there were 
noticeably faster low delta changes and these 
were both in children (Table 1). It must be 
stressed that the analysis relating to patient data 
was retrospective. Nevertheless, the correlates 
made here are in agreement with other 
authors.?*!? 

Although equipment for monitoring both EEG 
frequency and EEG amplitude is now commonly 


the 


available, there is as yet no large body of evidence 
suggesting that frequency does vary without amp- 
litude changes, and vice versa. Recently, 
Maynard and Jenkinson® were able to conclude 
that ‘there is incidental evidence that in some 
circumstances EEG amplitude changes seem in- 
dependent of EEG frequency distribution’. This 
study has demonstrated major frequency changes 
with little or no overall amplitude changes, thus 
giving weight to the increased use of equipment 
which analyse in both the amplitude and 
frequency domains. 
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Anaphylactoid reaction complicating neonatal anaesthesia 


E. M. M. POLLOCK, A. D. MACLEOD anD L. R. McCNICOL 


Summary 


A three-week-old girl presented for surgery for congenital pyloric stenosis. The anaesthetic technique 
included intravenous induction with thiopentone and neuromuscular blockade with atracurium. The ad- 
ministration of these drugs was followed within 2-3 minutes by oedema of the eyelids and epiglottis, reduced 


peripheral circulation and central cyanosis. 


There was no previous exposure to either drug and no definite family history of allergy. Analysis of 
subsequent sequential blood samples indicated that the reaction mechanism was non-immune and was: 
presumed to be due to pharmacological release of histamine. 


Key words 
Allergy. 
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Case history 


A three-week-old girl of normal birthweight was 
referred for surgery for pyloric stenosis. Follow- 
ing an uneventful pregnancy, her mother had 
been delivered at term by low cavity forceps under 
epidural analgesia. 

On the 2 days preceding the operation she 
received nothing orally and only intravenous N/4 
sodium chloride/5% dextrose solution with 
potassium supplements. The stomach was 
drained via a nasogastric tube. The pre-operative 
fluid balance was assessed clinically to be satis- 
factory, and values for venous urea and electro- 
lytes and capillary blood gases were within 
norma] limits. Her weight was 2.6 kg and pre- 
medication of 50 ug of atropine was given intra- 
muscularly 2 hours pre-operatively. 

At operation there was good intravenous 


access via a scalp vein through which N/4sodium - 


chloride/5% dextrose was infused. On aspiration, 





1 ml of fluid was obtained from the nasogastric 
tube. After 3 minutes pre-oxygenation, anaes- 
thesia was induced intravenously with 5.75 mg/kg 
body weight of thiopentone (15 mg) which was 
flushed in with | ml of infusion fluid. When the 
eyelash reflex was lost, atracurium, diluted to 1 
mg/ml (0.5 mg/kg, 1.3 mg) was administered over 
approximately 30 seconds. This was flushed in as 
before and the child’s lungs were manually ven- 
tilated with 60% nitrous oxide in oxygen. 

After 2 minutes, relaxation was judged to be 
inadequate since there was continuing respiratory 
effort, coughing and hiccoughing. A further 0.25 
mg of atracurium was given and flushed through 
as before. One minute later, the child was 
well relaxed and the lungs were easily inflated, so 
intubation was attempted. On laryngoscopy, the 
nasopharynx was clear but the vocal cords could 
not be visualised because the epiglottis was en- 
larged and swollen and the aryepiglottic folds 
were oedematous. The infant rapidly developed 
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cyanosis and the heart sounds became feeble on 


"` auscultation, although the heart rate as measured 


by the electrocardiogram remained in excess of 
100 beats/minute. One hundred percent oxygen 
was administered by positive pressure ventilation 


: via a facemask. The chest had undoubtedly 


become more difficult to inflate and the colour 


‘remained dusky. A 


At this point it was observed that considerable 


oedema of the eyelids had developed. On the 


second attempt, a 3.5 mm tracheal tube was 
passed, and the lungs could be inflated more 
easily, with good air entry. There was no audible 
bronchospasm. Fifty millilitres of N/4 sodium 
chloride/5% dextrose was rapidly infused. Over 
the next few minutes the cyanosis resolved, the 
peripheral. circulation improved and the heart 
sounds became louder with a rate of 180 beats/ 
minute.. Blood pressure, measured by a neonatal 
automatic blood pressure recorder (Dinamap, 
Critikon) was 75 mmHg systolic. Anaesthesia 
was maintained with 60% nitrous oxide and 0.5% 
halothane in oxygen. A single intravenous injec- 
tion of 1 mg dexamethasone was given. One hour 
after the first appearance of oedema, the epi- 
glottis was re-examined and was seen to be 
virtually normal. i 

Atropine 60 ug and neostigmine 120 ug were 
given intravenously and then, when adequate 
spontaneous ventilation was established, the 
child was extubated. She displayed no respiratory 
distress, had a good colour, cried well and moved 
vigorously. Direct laryngoscopy confirmed that 
the vocal cords were easily visualised, moved nor- 
mally and were only slightly oedematous. She was 
admitted to the neonatal surgical intensive care 
unit and observed for the next 24 hours. Treat- 
ment comprised maintenance intravenous fluids 
and humidified oxygen. The subsequent post- 
operative recovery was uneventful. 

Venous samples were taken for immunological 
analysis at 30 minutes and 3 hours following the 
reaction. The results were: IgG 5.7 g/litre, IgA 
0.2 g/litre, IgM 0.3 g/litre and IgE <5i.u./ml. The 
complement profile was normal. 

The child’s parents were subsequently inter- 
viewed. The mother’s sister was possibly allergic 
to penicillin and some man-made fibres. There 
was no other family history of note. 


Di ; 


It is thought that any one of four mechanisms 


may be responsible for adverse reactions to in- 
duction agents and muscle relaxants. ! First, there 
is the type I hypersensitivity reaction which is true 
anaphylaxis. The reaction involves IgE though 
usually it does not involve complement and 
previous exposure to the agent is required. 
Second, there are those immune reactions involv- 
ing other immunoglobulins, with histamine 
release via activation of the complement path- 
way. Third, there may be activation of the alter- 
nate complement pathway which may occur on 
first exposure. Finally there is pharmacological 
release of histamine. 

The infant had had no previous exposure to 
either thiopentone or atracurium and the im- 
munoglobulin levels were within normal limits 
for 3 weeks of age,? which in association with a 
normal complement profile, suggested that the 
mechanism of this reaction was non-immune and 
was due to pharmacological release of histamine. 
When such a reaction is as severe as that which 
occurred in our patient, it is described as ‘ana- 
phylactoid’. In general, barbiturate reactions 
represent immediate antibody-mediated hyper- 
sensitivity reactions in patients who have already 
received several uneventful exposures to the drug.* 
The incidence of the various mechanisms of re- 
action involving thiopentone has been reviewed, 
and it is suggested that complement is involved in 
59% of cases and antibodies areinvolved in 77% of 
cases. However, in 24% of cases the mechanism is 
pharmacological.’ 

The total dose of atracurium given to this child 
was 1.55 mg (approximately 0.6 mg/kg. This is 
within the range of dosage used in paediatric 
anaesthesia. For instance, in a previous study on 
the use of atracurium a dose of 0.6 mg/kg + 10% 
was used;* however, that study did not include 
neonates. Another report of the use of atracurium 
in children‘ suggests that there is a 32% incidence 
of cutaneous reactions, indicating some hista- 
mine-releasing effect. However, these cutaneous 
manifestations are not accompanied by other 
signs of histamine release such as were were present 
in our patient and, in 26%, occurred after 
induction with thiopentone, thus suggesting the 
possibility of a thiopentone/atracurium interac- 
tion when the drugs were given in rapid succes- 
sion. It is known that histamine release due to 
atracurium is age-dependent; it is more common 
in older children and adults than in the young.° 

Pharmacological release of histamine is more 
likely to occur when an inappropriately high 
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concentration of drug is given and it is also 
dependent on the speed of administration.' In the 
case reported here, it may be argued that the dose 
of atracurium was excessive, since a recent report 
by Brandom’ suggests that the ED 95 of this drug 
in four-week-old infants is 156 ug/kg and our 
patient received ED 95 x 3 as an intubating dose. 
However, the same authors found only minimal 
changes in blood pressure at ED 95 x 5 and no 
histamine release. Such release of histamine may 
present in two ways: either predominantly with 
severe bronchospasm and a degree of cardio- 
vascular collapse, or alternatively, as with our 
patient, the presentation may be mainly with 
circulatory collapse. This is due to peripheral 
vasodilatation and relative hypovolaemia as a 
consequence of transudation ofintravascular fluid 
through damaged capillaries; laryngeal a as is 
a feature in extreme cases.® 

We have reported this patient to the Con: 
mittee on Safety of Medicines as a case of adverse. 
reaction to anaesthesia involving thiopentone 
and atracurium. 
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CASE REPORT 


All that wheezes is not asthma 


A. R. LLOYD-THOMAS anp G. H. BUSH 


Summary 

A case is presented in which the inhalation of a foreign body caused a respiratory arrest and was 
subsequently diagnosed and treated as an attack of acute asthma. The presentation, diagnosis, investigation 
and treatment of this condition is discussed and a review of the literature is presented. 


Key words 
Complications, asthma, foreign body. 


The incidence of foreign body inhalation by 
children is unknown. It has been reported in 1970 
to have caused 2000 deaths per annum in the 
USA,’ and, as such, is a significant cause of 
mortality. Delay in diagnosis is a contributory 
factor in both the morbidity and mortality.? 
Awareness and team-work by anaesthetists, 
physicians and surgeons involved in the manage- 
ment of these children will help to reduce the 
morbidity of this condition. 


Case history 


A 14-month-old male twin infant was admitted 
with an 18-hour history of pyrexia and increasing 
cough. Apart from a very strong family history of 
atopy, namely asthma and eczema, there was no 
other significant history. On questioning, both 
parents were adamant that the child had not had 
access to any objects sufficiently small to be in- 
haled. The clinical findings were a pyrexia 
(38.3°C), tachypnoea (60 breaths/minute), some 
intercostal recession and a few coarse crepitations 
audible at the left lung base. A chest X ray on Fig. 1. A-P Chest X ray, taken on the first admission, 
inspiration showed lingual consolidation (Fig. 1). showing lingual lobe collapse 
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A leucocytosis with marked neutrophilia was 
present (WBC 37.0, N 75%, L 14%, M 7%). A 
diagnosis of pneumonia was made. Humidity, 
physiotherapy, antibiotics (amoxycillin) and 
paracetamol were prescribed. Over the next 18 
hours, all the clinical signs disappeared, the child 
became apyrexial and his general condition was 
much improved. His parents were very anxious to 
take him home, and this was allowed with an 
early (4 days) outpatient appointment. 

However, 3 days after discharge he presented 
as an emergency. The night before this admission 
he had been slightly wheezy, but otherwise well. 
Twenty minutes before his arrival at the hospital, 
whilst playing, he had a paroxysm of coughing 
which ended in apnoea. He became cyanosed, but 
was given effective mouth to mouth resuscitation 
by his father, and started to breathe again after 2 
minutes. 

A history of a foreign body was sought with a 
further negative reply. The clinical findings were 
a pyrexia (37.6°C), a tracheal tug, marked inter- 
and subcostal recession, tachypnoea (50 breaths/ 
minute), bilateral hyperinflation, poor air entry 
and widespread wheeze. There was no stridor. A 
chest X ray (Fig. 2) showed bilateral hyperinfla- 





Fig. 2. A-P Chest X ray, taken during the second 
admission, showing bilateral hyperinflation of the 
lungs. 


tion, no areas of collapse or radio-opaque foreign 
body. 

Asthma was diagnosed and bronchodilator 
therapy begun with intravenous hydrocortisone, 
aminophylline and nebulised salbutamol. The 
child was kept in humidified oxygen (Fio, 0.4) 
and showed significant improvement on this 
therapy. Twentyfour hours after admission, 
despite adequate bronchodilator therapy, he 
deteriorated, becoming restless, distressed, with 
a tachycardia (200 beats/minute), tachypnoeic 
(80 breaths/minute), with worsening air entry and 
consequent diminution of wheeze. His chest X ray 
remained unchanged and he was referred for 
bronchoscopy to exclude a foreign body. 

After pre-oxygenation and gastric emptying 
via an in situ nasogastric tube, atropine (25 wg/kg) 
was given intravenously. Anaesthesia was in- 
duced with thiopentone (5 mg/kg) and relaxation 
provided by suxamethonium (1.5 mg/kg). Pre- 
liminary oral intubation was performed, anaes- 
thesia was maintained with nitrous oxide (60%) 
in oxygen (40%) and relaxation with intermittent 
doses of suxamethonium. Monitoring, with an 
electrocardiograph and Dinamap blood pressure 
recorder, was continued. A 3.5 ventilating Storz 
bronchoscope was passed. The upper airway was 
normal, but sitting astride the carina was the 
calyx of an orange surrounded by secretions; 
this was all removed using a Dormia basket 
(Fig. 3). The remainder of the tracheobronchial 
tree was normal. 

On recovering from anaesthesia all his re- 
spiratory distress and wheeze had gone. Within a 
few hours he was back to his normal self. Sub- 
sequent discussion with the parents revealed that 
they did not keep oranges in their house, but his 
grandparents did and he had visited them the day 
before his first admission. 


Discussion 


Epidemiology 


The majority of children (approximately 80%) 
who inhale foreign bodies are less than 4 years of 
age.! ĉ The age group at highest risk is between 
12 and 24 months.™57 At this age many objects 
are put into the mouth, and being without molar 
teeth these children possibly do not chew edibles 
finely enough to swallow them.* The male to 
female ratio is 2:1,!7 >57 a fact attributed to the 
greater adventurousness of boys.? 
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Fig. 3. The calyx of an orange which was removed at bronchoscopy. 


Presentation 


A clear history of inhalation, usually a variable 
period of choking, coughing, or gagging, is given 
in 80-90% of cases.™5 However, direct question- 
ing is essential as some guardians may ignore or 
forget the symptoms of the initial inhalation.? If 
the inhalation is missed, then a latent period may 
occur, causing a delay in diagnosis.? This latency 
is due to sensory receptors within the respiratory 
tract adapting to the pressure of a foreign body. 
Cough will not occur until they are stimulated 
again either by movement of the foreign body or, 
more commonly, by the production of secretions 
which seep up the airways.? Even so, 66% of 
children have the diagnosis made within | week, 
and the majority (64%) of those are made on day 
one.’ 

Pyman? describes six broad categories of 
clinical presentation as a result of inhalation. 
Most common (54%) is the sudden onset of 
wheeze with or without a cough and often with 
associated evidence of air trapping. These 
symptoms occur equally frequently in tracheal as 
well as bronchial foreign bodies. Secondly, there 
is the presence of cough alone (26%), with or 
without a pyrexia and other respiratory 
symptoms. This type of presentation was almost 
exclusively confined to bronchial foreign bodies. 
Thirdly, stridor (8.6%) which was only seen in 
cases where the foreign body was trapped in the 
subglottis or larynx. Fourthly, haemoptysis 
(5.6%) which may be the result of a recently 
inhaled sharp object or the result of a long latent 
period with the formation of an abscess or 


bronchiectasis.!° Threatened asphyxia is the fifth 
category (5.2%). This can result from the in- 
halation of a large foreign body which suddenly 
causes severe obstruction or in those patients with 
a pneumonia caused by an undiagnosed foreign 
body that then moves from its site of impaction 
to cause intense tachypnoea and cyanosis. 
Finally, as many as 6.5% of his patients were 
asymptomatic. These patterns of presentation are 
substantiated by other series.**° 


Pathophysiology 


Chatterji and Chatterji have described four types 
of valvular obstruction in bronchial foreign 
bodies,'' namely the stop, check, ball and bypass 
valves. The stop and check valves are the most 
common; the former cause collapse and the latter 
obstructive emphysema, of the lung distal to the 
site of impaction. Foodstuffs comprise 90% of 
foreign bodies,* ~ 57 with water-melon seeds most 
common in Kuwait* and Turkey;5 peanuts are 
most frequent in other series. Vegetable matter 
tends to swell with bronchial secretions and by 
doing so may convert a bypass or check valve into 
a stop valve. Allergenic (‘wheezy’) or chemical 
bronchitis may result from absorption of anti- 
genic proteins, organic acids and oils.‘ 


Site of lodgement 


The right main bronchus is the most common site 
for foreign bodies to lodge (42-70%), with the left 
main bronchus the next most frequent 
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(19-38%).>>5 Lobar lodgement is much less 
frequent: Blazer et al. reported a 9% incidence 
whilst Pyman? reported only a few cases in which 
small objects such as grass seeds had entered 
lobar bronchi. Laryngeal (8.7%) and tracheal 
foreign bodies (5.6%) are much less common, but 
the latter are more common in children older than 
4 years. This is due to the relative smallness of the 
younger child’s larynx and subglottis, in which 
the larger foreign bodies would be trapped. 


Radiological findings 


As would be expected, with the large proportion 
of foodstuffs inhaled, only 6-8 % of foreign bodies 
are radio-opaque.*> In children with bronchial 
foreign bodies, Blazer et al. reported 61% of 
chest X rays with evidence of obstructive emphy- 
sema, 48% with pneumonia or atelectasis and 
25% whose X rays were normal. In contrast, 61% 
of their patients with laryngotracheal foreign 
bodies had normal chest X rays. Pyman relates his 
radiological findings to their clinical category of 
presentation.? Of those patients who had bron- 
chial foreign bodies and wheeze as their major 
symptom, 87% had evidence of obstructive 
emphysema, whereas of those patients with 
bronchial foreign bodies and cough as their major 
symptom, 74% had radiological evidence of lung 
collapse. Osama er al.* are the only authors to 
report a specific subgroup (3% of their patients) 
with bilateral hyperinflation from obstruction. In 
their patients, the cause was always a tracheal 
foreign body. 

Good quality inspiratory and expiratory 
radiographs are essential in revealing all cases of 
obstructive emphysema.” Clearly, as 16% of 
children with bronchial and 61% of children with 
laryngotracheal foreign bodies have normal chest 
X rays, plain radiographic examination has its 
limitations.* Fluoroscopy to look for inspiratory 
widening or an inspiratory shift of the media- 
stinal shadow increased the success rate of radio- 
logical diagnosis of bronchial foreign bodies, 
from 62 to 92%. 


Management 


A high index of suspicion is essential in any child 
less than 4 years of age who presents with the 
sudden onset of a respiratory illness, even in the 
absence of a positive history. Our patient was in 
the highest risk group, being male and 14 months 


of age. Although to his parents’ knowledge he 
had not played with objects small enough to be 
inhaled, one must assume that the calyx of the 
orange fell off while he had that part of the fruit 
in his mouth. On his first admission, the lack of 
a positive history, the isolated lingual collapse 
and the rapid improvement with antibiotics all 
disguised the underlying foreign body. Only a few 
foreign bodies reach lobar bronchi, as discussed 
above, and as such our patient was unusual. 

Burrington and Cotton’ have reported an 80% 
success rate in clearing the airway of foreign 
bodies, within 24 hours, by postural drainage, 
physiotherapy and inhalations of isoprenaline. 
Other than this specific therapy, the rate of ex- 
halation of bronchial foreign bodies is only 
1-2%.!! However, Cotton et al.!? ina subsequent 
paper, report two cases of cardiorespiratory 
arrest in children receiving this therapy. They 
postulate that ‘degassing’ of the ipsilateral lung 
and acute occlusion of the contralateral bronchus 
by dislodgement of the foreign body caused the 
circulatory collapse in these children. Acute 
glottic obstruction or severe reflex bronchospasm 
are other potential causes. Dislodgement of this 
kind may have been responsible for the collapse 
of our patient at home. 

A foreign body and not asthma should be sus- 
pected when the illness is sudden, there has been 
no history of previous attacks, no previous 
coryzal symptoms, no family history and rhonchi 
are not generalised throughout the chest.? 
However, our patient had been wheezy the night 
before collapsing, there had been recent evidence 
of infection, there was a very strong family 
history, rhonchi were audible throughout the 
chest and both clinically and radiologically there 
was evidence of bilateral hyperinflation. These 
factors supported the diagnosis of asthma. 

As discussed above, check valve obstruction of 
both major bronchi is very unusual, and has only 
been specifically reported in one previous series.* 
To our knowledge, there have been no specific 
reports of foreign bodies astride the carina, 
causing bilateral obstructive emphysema. An 
alternative explanation would be that the dis- 
lodgement had produced severe reflex broncho- 
spasm.” However, we feel that this is unlikely, as, 
if this were the case, it is surprising that all 
symptoms of respiratory distress were relieved 
immediately after the removal of the calyx. 
Instrumentation of the airway might even have 
been expected to cause further bronchospasm. 


However, the failure of bronchodilator therapy 
to produce a significant improvement should 
have prompted an earlier bronchoscopy. 

In conclusion, it must be remembered that ‘all 
that wheezes is not asthma’.'? In cases where the 
inhalation of a foreign body is a possibil- 
ity, early bronchoscopy is the treatment of 
choice.! 7584101214 A high index of suspicion is 
necessary even in the absence of a positive history. 
With improved paediatric anaesthetic and 
bronchoscopic techniques the mortality and 
morbidity of this procedure in specialised 
paediatric centres is low.? 
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CASE REPORT 


Amiodarone, phaeochromocytoma and cardiomyopathy 
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Summary 


The anaesthetic management of a patient with a phaeochromocytoma and cardiomyopathy is described. The 
control of dysrhythmias was the major problem. Ventricular dysrhythmias were treated with lignocaine, 
and intravenous amiodarone was used to control the supraventricular rhythm disturbances. 
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Phaeochromocytoma is a rare tumour occurring 
in 0.4-2 percent of patients with hypertension.! 
The majority of phaeochromocytomata secrete 
only or predominantly noradrenaline. Phenoxy- 
benzamine and phentolamine are the two agents 
most commonly used to provide alpha-adrenergic 
blockade, in order to lower blood pressure and 
allow intravascular volume expansion. The pre- 
Operative management of adrenaline-secreting 
phacochromocytomata, especially in those 
patients who require betablockers for adren- 
aline-induced symptoms, is under debate.? Major 
concern stems from the development of an 
unopposed alpha effect, leading to hypertension, 
pulmonary oedema,’ shock and death.* In addi- 
tion, negative inotropic effects may precipitate 
severe heart failure if an associated cardio- 
myopathy is present.’ 

It has been estimated that approximately 25 
percent of patients with a phaeochromocytoma 
have a concomitant cardiomyopathy. We 


describe the anaesthetic management of a patient 
with these entities, and whose major problem was 
the control of ventricular dysrhythmias in the 
presence of known compromised cardiac 
function. 


Case history 


A 66-year-old, 60 kg male was admitted to hospital 
by the cardiologist for investigation of his cardio- 
myopathy. He had been treated with antihyperten- 
sive drugs for 8 years. He suffered from attacks of 
tremor, sweating and palpitations, which had 
increased over the last 2 years. Blood pressure 
(BP) was 150/90 mmHg and an apical systolic 
murmur grade H/VĮ was present. Apart from 
this, physical examination revealed no abnormal- 
ities. The electrocardiogram demonstrated an 
enlargement of the left ventricle. Holter monitor- 
ing revealed premature atrial contractions 
(PACs), runs of supraventricular tachycardia 
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(SVT), frequent premature ventricular contrac- 
tions (PVCs) with the so-called R-on-T pheno- 
menon and runs of ventricular tachycardia 
(VT). A two-dimensional echocardiogram 
demonstrated marked dilatation of the left ven- 
tricle, with impairment of contractility and global 
hypokinesia. The left atrium was dilated. The 
mitral, aortic and tricuspid valves appeared struc- 
turally normal. Diastolic left ventricular internal 
dimension (LVIDd) was 69 mm, fractional 
shortening of the left ventricle (FrSh) was 23 mm 
and the ejection fraction (EF) was 38 percent. 
Urinary 24-hour-measurements of vanilylman- 
delic acid was 19.2-22 mg (normal 0-12 mg). and 
total free catecholamines was 378 ug (normal 
100 ug). Phaeochromocytoma was then suspected. 
A round mass in the left suprarenal gland was 
identified by abdominal computerised axial 
tomography. Phaeochromocytoma together with 
dilated cardiomyopathy with malignant ven- 
tricular dysrhythmias was the final diagnosis. 
Phenoxybenzamine 40 mg/day orally was 
started 14 days before surgery. Prior to anaes- 
thesia, an intravenous continuous infusion of 
amiodarone 600 mg in 5 percent dextrose solution 
was maintained for 12 hours. The patient was pre- 
medicated with morphine 5 mg, diazepam 5 mg 
and scopolamine 0.5 mg intramuscularly one 
hour before operation. A balloon tipped, flow 
directed, pulmonary artery catheter (7 French 
gauge) was inserted to determine cardiac output 
(CO) by thermodilution. Lignocaine 60 mg was 
necessary to treat a run of VT. During the inser- 
tion of a left radial artery cannula under local 
anaesthesia, arterial BP rose from 150/90 to 
180/110 mmHg. An infusion of sodium nitro- 
prusside (SNP) 0.5 ug/kg/minute was started and 
maintained until tumour removal, and arterial BP 
decreased to 120/80 mmHg. Induction of anaes- 
thesia was performed with diazepam 25 mg, fen- 
tanyl 0.20 mg and pancuronium 6 mg. Another 60 
mg of lignocaine was administered. The patient's 
lungs were ventilated with nitrous oxide: oxygen 
(50:50) via a facemask for 3 minutes, then his 
trachea was intubated. Anaesthesia was main- 
tained with nitrous oxide:oxygen (70:30) and 
supplementary doses of fentanyl and pan- 
curonium. Intravenous infusions of lignocaine 
and amiodarone 300 mg/in 5 percent dextrose 
solution were maintained throughout the surgical 
procedure. During tumour manipulation, several 
increases in BP occurred and the patient developed 
a SVT of 140 beats/minute. This was controlled 
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with intravenous amiodarone 300 mg given 
slowly over a period of 2 minutes. Arterial 
BP increases were managed using bolus doses 
of phentolamine (5 mg) on three occasions. 
After tumour removal arterial BP decreased to 
100/50 mmHg but, 10 minutes later, it rose to 
170/105 mmHg, and pulmonary capillary wedge 
pressure (PCWP) was 28 mmHg. No additional 
tumours were found. Frusemide 10 mg was given, 
and the SNP infusion was restarted and main- 
tained during the next 24 hours. Replacement of 
blood loss and intra-operative fluid therapy con- 
sisted of 3800 ml in all. Throughout the opera- 
tion, the dysrhythmias consisted of SVT, frequent 
PACs and occasionally PVCs. A 4 = 6 x 3 cm 
mass was removed; histologically it was con- 
firmed as a phaeochromocytoma mainly secret- 
ing adrenaline. 

Two months later, arterial BP was 140/80 
mmHg and total urinary free catecholamines 
were normal. Holter monitoring demonstrated 
occasional PVCs. A two-dimensional echo- 
cardiogram revealed an improvement in con- 
tractility, and a mild decrease of left ventricular 
dilatation. The patient now enjoys good health. 


Discussion 


The anaesthetic management of patients with a 
phaeochromocytoma plus dilated cardio- 
myopathy should be based on®7 the administra- 
tion of drugs that do not stimulate the 
sympathetic system, maintenance of normo- 
volaemia, prevention of afterload increases and 
the avoidance of myocardial depression and, 
finally. the use of cardiovascular monitoring to 
ensure an accurate assessment of haemodynamic 
status. 

We selected diazepam and nitrous oxide- 
fentanyl because of their minimum cardio- 
vascular effects.” Enflurane' and to a lesser 
extent, isoflurane produce direct myocardial 
depression, so their use in the presence of a 
cardiomyopathy may be unwise.’ Pancuronium 
has been proposed as the relaxant of choice,*? 
although severe hypertension has been associated 
with its use in a patient with phaeochromo- 
cytoma.'® The administration of droperidol has 
been reported to produce hypertension and 
tachycardia in this condition.'''? Droperidol 
seems to stimulate the release of catecholamines 
from the tumour.!! 

Plasma catecholamine levels are increased 
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during tracheal intubation and tumour mani- 
pulation, producing arterial BP increases in spite 
of pre-operative alpha-blockade.' Fentanyl 
200 ug and lignocaine 1 mg/kg, reduce the 
arterial BP response and the likelihood of cardiac 
dysrhythmias occurring in response to trachea! 
intubation.°:!3 Phentolamine in small doses is the 
drug of choice to block the alpha-adrenergic re- 
ceptors if arterial BP increases occur; tachy- 
phylaxis, however, ts its major disadvantage. 
Continuous administration should not be 
employed as it may produce unmanageable hypo- 
tension after tumour resection.'> Sodium nitro- 
prusside is a potent vasodilating drug which 
reduces systemic vascular resistance (SVR) and 
arterial BP, producing a moderate increase in 
co." 

Disturbances of the cardiac rhythm were the 
major difficulty during the anaesthetic manage- 
ment of our patient. The maintenance ofa normal 
arterial BP is basic to minimising the incidence of 
dysrhythmias,®:'*:'* but if these occur, lignocaine 
is the drug of choice for ventricular rhythm dis- 
turbances. The pre-operative use of propranolol 
has been recommended when dysrhythmia or 
angina exist,'?:'® and peroperative use is neces- 
sary if significant supraventricular tachycardia 
appears. Nevertheless, its use in our case is open 
to question for several reasons. It is known that 
it may trigger pulmonary oedema,’ shock and 
death* in patients with phaeochromocytoma 
without prior alpha-blockade. Furthermore, 
complete atrioventricular block with post- 
operative death,'® and hypoglycaemia after 
tumour resection,'* have been reported. Theo- 
retically, the beta-adrenergic effects of the 
elevated catecholamine levels are responsible for 
the cardiomyopathy and blockade of these effects 
could be beneficial to cardiac function. Never- 
theless, it is the opinion of some authors that the 
use of propranolol in this condition can ac- 
centuate left ventricular dysfunction.®7 
Furthermore, it has been suggested that the 
administration of beta-adrenergic blockers in 
dilated cardiomyopathy should be considered 
speculative, experimental and potentially danger- 
ous.!™!8 This point of view has been con- 
firmed by the recently reported fact that pro- 
pranolol precipitated left heart failure with 
pulmonary oedema in a patient with a phaeo- 
chromocytoma plus cardiomyopathy under 
alpha-adrenergic treatment.* 

Amiodarone is a benzofuran derivative, 


originally introduced as an anti-anginal drug.'° It 
soon became established as an antidysrhythmic 
agent for treating supraventricular?® and ven- 
tricular?! tachydysrhythmias, but without having 
a significant negative inotropic effect in the 
normal or failing heart.2? Amiodarone produces 
a noncompetitive adrenergic blockade,?? re- 
ducing the effect of sympathetic stimulation and 
catecholamines in both alpha- and beta- 
adrenergic receptors.**:7* It produces a decrease 
of SVR, reducing the afterload.2> Amiodarone 
inhibits isoprenaline-induced tachycardia by 
about 50 percent, in the right atria of rabbits.?° 
Its electrophysiological action is effected by a 
prolongation of repolarisation and refractoriness 
of the sinus node, atrium, atrioventricular node, 
Purkinje system and ventricle.?” Some differences 
have been noted between the electrophysiological 
effects of amiodarone during intravenous in- 
fusion and those found during oral administra- 
tion. 

It has been shown that a dose dependent 
bradycardia develops when amiodarone is given 
intravenously to anaesthetised dogs:?* this is 
accompanied by a prolongation of the P-R inter- 
val, without lengthening of the Q-T interval. The 
drug has no clinical or haemodynamic side effects 
in man when injected at 5 mg/kg body weight.?! 
In patients with depressed left ventricular func- 
tion and an EF >30 percent, amiodarone given 
intravenously resulted in a decrease in heart rate, 
but cardiac index and stroke volume index re- 
mained unchanged.?? The pharmacokinetics of 
amiodarone remain incompletely described but it 
has a large volume of distribution, a long half life 
and a low clearance rate.7° The onset of anti- 
dysrhythmic effects after intravenous administra- 
tion ts observed almost immediately, and lasts 
between 20 minutes and 4 hours.3! Intravenous 
amiodarone was effective in controlling over 90 
percent of atrial tachydysrhythmias.*?-43 Intra- 
venous amiodarone provided a reduction in the 
overall rate of ventricular tachydysrhythmias in 
about 60 percent of patients.** Its antidys- 
rhythmic property has been confirmed for both 
supraventricular and ventricular dysrhythmia 
during cardiac surgery under neurolept- 
analgesia; however, a potentiation of sym- 
patholytic alpha effects has been observed.35 
Interactions of amiodarone and anaesthetics, 
resulting in hypotension and atropine-resistant 
bradycardia, have been reported in a patient 
receiving the drug orally. 


It has been demonstrated that right-side pres- 
sure changes do not reflect left-side pressure 
changes in patients with phaeochromocytoma.?7 
Furthermore, the combination of cardiomyo- 
pathy and the potential for large fluid require- 
ments if hypotension occurred after tumour 
resection, suggested the necessity of monitoring 
pulmonary capillary wedge pressure and cardiac 
output. This type of invasive monitoring is not 
without hazard however; indeed, an intravenous 
bolus of lignocaine was necessary to control a run 
of VT during the insertion of the pulmonary 
artery catheter. We observed an improvement of 
CO after tumour removal which has been noted 
previously.’ Nevertheless, 10 minutes after 
tumour resection, BP, PcWP and SVR rose. 
Further catecholamine-secreting tumours have 
been reported to cause such an increase,° but the 
abdominal cavity was re-examined and none was 
found. The persistent arterial BP elevation might 
be explained by the slow release of increased cate- 
cholamine stores, or by intra-operative over- 
transfusion.?° 

In summary, the anaesthetic technique de- 
scribed resulted in the safe management of a 
patient with a phacochromocytoma and cardio- 
myopathy. Ventricular dysrhythmias were 
treated with lignocaine. We consider that amio- 
darone is a valid alternative to beta-adrenergic 
antagonists to control supraventricular tachy- 
dysrhythmias in patients with a phaeochromo- 
cytoma and an associated cardiomyopathy. 
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CASE REPORT 


Anaesthesia for surgical occlusion of the basilar artery 


A technique involving intra-operative awakening to allow neurological assessment 


C. S. CHILD, M. P. D. HEINING, I. CALDER anp H. A. CROCKARD 


Summary 

A case is described of a giant fusiform aneurysm of the basilar artery which was treated successfully by 
proximal surgical occlusion of the artery. The anaesthetic management involved the intra-operative 
awakening of the patient in order to assess neurological function immediately after application of the 


clip. The difficulties involved in this type of surgery are discussed. 


Key words 
Anaesthesia, neurosurgical. 


Intra-operative awakening of a patient to allow 
assessment of neurological function is a useful 
technique which is used during short procedures, 
such as percutaneous cordotomy and ablation of 
the trigeminal ganglion by thermocoagulation,' 
and occasionally during more major operations, 
such as the insertion of Harrington rods.?~+ 
However, the technique has not been described 
for patients undergoing the clipping of an 
aneurysm of a major cerebral vessel. We describe 
here the case of a patient with a giant fusiform 
aneurysm of the basilar artery, in whom intra- 
operative awakening was performed to allow 
neurological assessment after clipping of the 
aneurysm. The problems involved in allowing a 
patient to awaken from anaesthesia whilst the 
skull and dura are open are discussed. 


Case history 


The patient was an intelligent and alert 16-year- 


old Egyptian girl who spoke little English. She 
had a 4-year history of headaches of increasing 
frequency, recent onset of nausea and vomiting, 
and pain in the left eye and right ear. Computer- 
ised tomography revealed a space-occupying 
lesion of the anterior part of the posterior fossa 
(Fig. 1) and angiography showed a fusiform 





Fig. 1. Computerised tomography showing the presence 
of aneurysm. 


aneurysm of the basilar artery (Fig. 2). It was 
decided to occlude the basilar artery surgically 
and to wake the patient intra-operatively, im- 
mediately after clipping the artery, in order to 
assess neurological function. 
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Fig. 2. Pre-operative angiogram revealing a giant 
fusiform basilar artery aneurysm. 


Morphine 10 mg and dexamethasone 8 mg 
were administered intramuscularly one hour pre- 
operatively. Anaesthesia was induced with thio- 
pentone 400 mg and intubation of the trachea 
with an 8-mm Portex tube was performed after 
suxamethonium 100 mg and spraying of the vocal 
cords with lignocaine. The patient was placed in 
the ‘park bench’ position on the operating table. 
Anaesthesia was maintained with nitrous oxide 
and oxygen using tubocurarine 35 mg for muscle 
relaxation. Droperidol 5 mg and papaveretum 
10 mg were given intravenously before the start 
of surgery and enflurane 0.5 percent was admin- 
istered until the dura was opened. Blood pressure 
was monitored directly from the radial artery and 
the ECG and end-tidal carbon dioxide level 
were continuously displayed. Auditory-evoked 
cortical responses were monitored throughout 
the procedure. The systolic blood pressure was 
reduced to 80 mmHg for the period of application 
of the clip, using an infusion of sodium nitro- 
prusside. Clipping of the artery took place 
approximately one and a half hours after the 
induction of anaesthesia. 

Immediately following the application of the 
clip, the nitroprusside was discontinued. the 
patient's lungs were ventilated with 100% oxygen 
and neostigmine 2.5 mg and atropine 1.2 mg 
were given intravenously. Spontaneous ventila- 
tion had not returned after five minutes, 
despite an end-tidal carbon dioxide level of 
more than 5.33 kPa. Intravenous naloxone 
was therefore given in increments of 0.05 mg 
to a total dose of 0.2 mg, when the desired 
response was achieved. Within 10 minutes, 


the patient had restarted spontaneous 
ventilation and within 15 minutes she had moved 
all limbs and had squeezed the hand of the 
anaesthetist to command. She would not, how- 
ever, open her eyes to command so it was 
impossible to assess her sight. The patient's 
cardiovascular system remained stable and the 
auditory-evoked cortical responses remained 
unchanged after application of the clip. Her 
responses were judged to be satisfactory, so, 160 
minutes after the original induction of anaes- 
thesia, she was re-anaesthetised with thiopentone 
200 mg and diazepam 5 mg and paralysed with 
tubocurarine 25 mg. Positive pressure ventilation 
was re-established and the dura and skull closed. 
Ventilation was continued until the patient was 
fully awake and seen to be intact neurologically. 

Angiography, three weeks later, confirmed 
that blood flow though the diseased vessel had 
ceased (Fig. 3). f 





Fig. 3. Postoperative angiogram showing the presence 
of the clip and confirming the cessation of blood flow 
through the basilar artery. 


Discussion 


The basilar artery is formed by the anastomosis 
of the vertebral arteries and is a major con- 
tributor to the circle of Willis (Fig. 4). Branches 
which come directly from it include the anterior 
inferior cerebellar, superior cerebellar, pontine, 
labyrinthine and posterior cerebral arteries. 
Occlusion of the basilar artery may, therefore, 
be responsible for widespread ischaemia, result- 
ing in respiratory and cardiovascular dysfunc- 
tion, cortical blindness, ataxia and inner ear 
dysfunction. 

Until recently, basilar artery occlusion had 
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been thought to be incompatible with life but 
there have now been reports of spontaneous 
thrombotic occlusion and surgical occlusion 
which have been followed by a comprehensive 
rehabilitation. 5:5 Surgical occlusion of the basilar 
artery may be performed in cases of giant or 
fusiform aneurysm in which the neck of the 
aneurysm cannot be surgically isolated. The 
occlusion initiates thrombosis of the parent artery 
and the brain stem is then dependent on collateral 
flow from the posterior communicating arteries. 
However, the adequacy of collateral supply is 
difficult to ascertain pre-operatively and cannot 
be reliably predicted by angiographic tech- 
niques.° Intra-operative monitoring may aid the 
detection of ischaemia, but it is impossible to be 
certain that the patient will regain consciousness 
following a surgical occlusion. Changes in 
cardiovascular function, such as hypotension or 
bradycardia, may occur when the brain stem is 
rendered ischaemic but these changes are non- 
specific. The patient may be allowed to breathe 
spontaneously to enable respiratory rate, rhythm 
and depth to be monitored. However, the absence 
of respiratory changes does not guarantee the 
absence of neurological damage. Multichannel 
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electroencephalography (EEG) may be useful, 
especially using the more compact forms of the 
cerebral function monitor and the cerebral 
function analysing monitor. However, the EEG 
is difficult to interpret and may not detect lesions 
which do not reach the convexity of the brain.’ 
Brain stem auditory-evoked potentials are rela- 
tively easy to measure, assess subcortical func- 
tions and are not affected by anaesthesia. 
Changes in evoked potentials have been reported 
to occur in acute ischaemia.® 

One solution to the problems of basilar artery 
surgery was suggested by Drake; a snare is placed 
around the basilar artery and then tightened 
around the vessel on the day after operation, thus 


allowing neurological assessment to be made on 
the awake patient. The problem here is that the 
snare may be dislodged from the intended site 
during the postoperative period and that the 
patient obviously experiences discomfort during 
the procedure. The patient must then be re- 
anaesthetised for the artery to be permanently 
clipped, during a separate operation. 

An alternative approach is to perform extra- 
cranial-intracranial arterial bypass using the 
superficial temporal artery to provide collateral 
flow to the rostral brain stem before occluding 
the basilar artery.” This procedure requires a 
greater degree of surgical manipulation of the 
brain than when clipping or snaring and is 
technically very difficult. There is also no 
guarantee that the blood flow in the pontine 
branches of the basilar artery will be preserved 
once the vessel is occluded. In view of these 
problems, we elected to wake the patient intra- 
operatively and to perform an assessment of 
neurological function immediately after the vessel 
had been clipped. 

The choice of anaesthetic technique for this 
procedure is a difficult one, as the patient is 
required to awake quickly but quietly, to remain 
intubated without coughing and to respond to 
commands. If violent movements or coughing do 
occur it is possible that cerebral herniation or 
disruption of the brain stem may result. It was 
essential to re-establish spontaneous ventilation 
during this case in order to assess brain stem 
function adequately and we considered that the 
use of neuroleptanaesthesia was likely to reduce 
the possibility of any violent movements occur- 
ring. Techniques which allow intra-opera- 
tive awakening of the spontaneously breathing, 
intubated patient have been described for 
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intracranial ablation therapy for chronic pain 
and Parkinson’s disease over twenty years 
ago!!! These involved the use of nitrous oxide, 
oxygen and halothane with either hydroxydione 
or pethidine. Awakening is likely to be slow using 
these techniques, and spontaneous ventilation is 
considered by many to be inappropriate during 
hypotensive posterior fossa surgery. Neurolept- 
anaesthesia using droperidol and fentanyl have 
been described for the surgical treatment of 
Parkinsonism,’? but these did not involve 
tracheal intubation. 

The administration of naloxone and neostig- 
mine to patients being awoken intra-operatively 
has been described, but is not without its dangers; 
in one study,* this resulted in a patient extubating 
himself and another required to be restrained 
on the operating table. It should be used slowly 
and with caution. 

It may be difficult to judge whether the patient 
is merely slow to awaken from the anaesthesia 
or whether the collateral blood flow is inadequate. 
Monitoring of auditory-evoked cortical responses 
may help in this respect. No changes in evoked 
potential were seen during this case. We would, 
however, recommended that if the patient is slow 
to breathe and is not obeying commands following 
occlusion of the artery despite a normal or raised 
end-tidal carbon dioxide level, an adequate 
perfusion pressure, normal temperature, ade- 
quate neuromuscular conduction and antagon- 
ism of respiratory depressants by naloxone, then 
the clip should be removed and Drake's method 
of delayed occlusion used. 

In conclusion, we have demonstrated in this 
case that the intra-operative awakening of a 
patient undergoing a craniotomy for vertebro- 
basilar occlusion therapy of a fusiform basilar 
artery aneurysm may allow assessment of neuro- 
logical function following occlusion of the artery. 
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APPARATUS 


A new device for the inflation of the antigravity suit 


P. M. BRODRICK 


Summary 


The ‘Schuco’ orthopaedic tourniquet inflator can be simply converted into a suitable device for inflating 
an antigravity suit (G-suit). The antigravity suit may be used on neurosurgical patients undergoing 
procedures in the sitting position to help prevent hypotension and air embolism. The availability of this 
device may encourage the more widespread use of an antigravity suit in neuro-anaesthetic practice. 


Key words 
Complications, hypotension, air embolism. 


Equipment; antigravity suit inflator, antigravity suit. 


Patients having neurosurgical operations per- 
formed in the sitting position are at risk from 
hypotension, due to the pooling of blood in the 
extremities.! These patients may be at risk from 
air embolism because of the presence of localised 
subatmospheric venous pressure at the operation 
site.!~* Nevertheless, this position is still popular 
in some neurosurgical centres, and so precautions 
should be taken to avoid these hazards.* 

One preventive method is to use an antigravity 
suit.°? When inflated this acts as an artificial 
peripheral resistance in the lower extremities and 
the splanchnic regions, which forces blood into 
the intravascular space above the diaphragm. 
This produces an increase in venous return and a 
rise in central venous pressure. There is an 
increase in mean arterial pressure with a slight fall 
in cardiac output, due to an associated brady- 
cardia.2~!! These changes help to reduce the 
incidence of hypotension and air embolism.*:®!? 

The use of an antigravity suit (of the aviation 
type) has been routine in this type of case at the 
National Hospital for many years. The suit has 





been inflated by means of a cylinder of com- 
pressed air or oxygen attached to a pressure 
reducing valve, which reduces the pressure to 
7 kPa via a two-stage regulator; the second stage 
is a large rubber diaphragm. Unfortunately, these 
diaphragms perish easily and supplies have been 
restricted because lack of demand has caused 
production to be discontinued. Therefore, an 
alternative method of inflation of the garment 
was sought, and this report describes a modifica- 
tion to an orthopaedic tourniquet inflator which 
can then be used to inflate an antigravity suit. 


Methods 


The ‘Schuco’ orthopaedic tourniquet inflator 
(Model AT500) is normally used for the main- 
tenance of bloodless fields in orthopaedic surgery 
on the limbs. For that purpose, it is necessary to 
generate pressures in excess of the systolic blood 
pressure, and the usual pressure range in adults is 
approximately 3 and 10 kPa above systolic pres- 
sure for the arm and leg respectively. The 
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inflation source used on this particular model can 
be either a pipeline supply or a cylinder of com- 
pressed gas and a two-stage regulator. 

The inflator is housed in a small box ap- 
proximately 0.325 m x 0.2 m x 0.125 m, which 
has an attachment on the back so that it can be 
fixed to an infusion stand. The supply of air or 
oxygen from the pipeline or cylinder enters the 
cabinet on the left hand side via a standard 
Schrader connector and hose. The outlet to the 
suit (or tourniquet) is in the centre of the cabinet 
at the front, accepting 4 mm internal diameter 
tubing. The tubing connecting to the suit has been 
adapted to include a Tycos (anaeroid type) pres- 
sure gauge using a T-piece connector. This tubing 
ends in a Schrader female connector, which forms 
the standard fitting with our suits. On the right 
hand side of the cabinet is the cuff valve switch, 
marked inflate/deflate. Just above that switch is 
the regulator knob which can be used to set the 
pressure within the suit. On the left hand side is 
the cuff pressure indicator, which shows red when 
no pressure is applied and green when the suit is 
inflated. The pressure gauge fitted has a lower 
working range than the standard orthopaedic 
gauge because of the smaller pressures required 
for suit inflation; 2-14 kPa pressure is adequate. 
Inside the cabinet, the pressure regulator has been 
set to provide an approximate flow of 20 litres/ 
minute in order to fill the suit in a reasonable 
time. 

The antigravity suit is fitted to the patient just 
prior to moving into the operating room and the 
patient is then placed in the sitting position. When 
inflation is required, the regulation control knob 
is rotated clockwise to the range of pressure 
required, as indicated on the pressure gauge; e.g. 
8 kPa (60 mmHg). The cuff valve is set to inflate 
and the regulator knob is then adjusted to achieve 
the required suit pressure read from the Tycos 
gauge. The pressure that is normally used for 
these cases is 8 kPa (60 mmHg) and inflation of 
the suit usually takes 30 seconds. 

Deflation of the suit is achieved by moving the 
inflation/deflation switch into the deflation 
position and turning the regulator knob anti- 
clockwise. 


Discussion 
Neurosurgery performed in the sitting position 


may result in both hypotension and air embolism. 
The hypotension may be controlled by leg ban- 


daging, although the effect my be variable,?~* 
or, alternatively, by the administration of large 
volumes of intravenous fluids with or without 
vasopressors.© The risk of air embolism arises 
because of subatmospheric venous pressure in the 
operation area and is best avoided by prevent- 
ive methods, which involve raising the venous 
pressure. Manual neck compression may be used, 
although two anaesthetists are usually required as 
one may spend time under the towels. Recent 
reports have demonstrated an inflatable neck 
collar as an alternative. ! >14 Inflation of the collar 
at the times when there is greatest risk of an air 
embolism causes a rise in jugular venous 
pressure. This techniqe, however, is not 
effective in the prevention of hypotension. 
Venous pressure may be increased by positive 
end expiratory pressure (PEEP) or a form of ex- 
piratory resistance; up to 1.0 kPa may also 
be helpful in reducing the incidence of air 
embolism. !?:!5 À 

This device has now been in use in the unit at 
the National Hospital for some time, with satis- 
factory results. It is very portable, allowing for 
movement between theatres, or may be easily 
fixed to an infusion stand or anaesthetic machine. 
It is extremely easy to use and very flexible in the 
pressure range of 2-14 kPa if requirements vary. 


Availability 


Our model was obtained through the manu- 
facturers, Schuco International, London Ltd of 
Halliwick Court Place, Woodhouse Road, 
London N12. 
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APPARATUS 
An evaluation of the Datex Normac 
anaesthetic agent monitor 
A. D. COLQUHOUN, W. M. GRAY ann A. J. ASBURY 
Summary 


A new monitor for volatile anaesthetics, the Datex Normac, was assessed in the laboratory and operating 
theatre. The instrument had a warm up time of 90 minutes from cold, but only 5 minutes from standby. 
Zero drift was less than 0.01% over 7 hours, and repeated measurements of gain showed a coefficient of 
variation of less than 1%. However, gain drift of 6% occurred when the instrument was switched off between 
periods of use. Signal noise was less than 0.02 vol % on a new instrument, but was about six times greater 
on an instrument that had been in use for a year. The response time of 550 ms is short enough to allow 
breath by breath monitoring. When the instrument was calibrated on the enfiurane setting, measurements 
made on the enflurane, halothane and isoflurane settings were accurate to within 6% of the reading. This 
is satisfactory for clinical purposes, but not for more demanding applications. Calibration canisters are 
available, and two that we tested were accurate to better than 0.1 vol %. Nitrous oxide, carbon dioxide 
and water vapour have very small effects on the monitor. The instrument provided trouble-free monitoring 
in theatre. 


Key words 
Anaesthetics, volatile. 
Measurement techniques, infrared. 


In recent years several instruments for monitor- 
ing the concentrations of volatile anaesthetic 
agents in breathing systems have been intro- 
duced. One of the earliest,’ which operates on the 
principle of ultraviolet absorption, is only suit- 
able for monitoring halothane. A later instru- 
ment, the Emma, is intended to monitor any one 
of halothane, enflurane, isoflurane, trichloro- 
ethylene cr methoxyflurane.?-? However, this 
instrument, which uses a piezo-electric quartz 
crystal as a detector, is sensitive to water vapour, 
and responds too slowly to allow breath by breath 
monitoring of vapour concentrations.?** 


Datex (Helsinki, Finland)* have recently intro- 
duced the Normac monitor, an infrared ab- 
sorption instrument designed to monitor 
halothane, enflurane, isoflurane and methoxy- 
flurane. This instrument is claimed to be free from 
interference from water vapour and also to have 
a sufficiently rapid response time (600 ms) to 
allow breath by breath monitoring. 

This paper presents the results of a laboratory 
and clinical assessment of the Normac. 


*UK Supplier: Vickers Medical, Priestley Road, 
Basingstoke, Hampshire. 
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Description of instrament 

The Normac is a compact, mains powered 
instrument with dimensions 30 x 13.5 x 25 cm 
and weighing 8 kg. It is connected to the breath- 
ing system by fine bore tubing and a T-piece 
connector. The anaesthetic mixture is sampled 
continuously at approximately 200 mi/minute 
and the sampled gas, which is not degraded by the 
measurement process, can be returned to the 
breathing system. 

The gas flow and optical paths are illustrated 
in Fig. 1. The gas passes a port, through which 


Infrared beam 
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fication has to be selected for each agent. Whereas 
the absorption by isoflurane is slightly greater 
than that by the same concentration of enflurane, 
halothane produces considerably less absorption, 
with the result that the amplification required is 
about five times greater than that for enflurane. 
The appropriate circuitry is selected by push 
switches on the front panel. 

For meaningful results, only one volatile agent 
should be present in the sampled gas. The manu- 
facturers claim that interference from nitrous 
oxide, carbon dioxide and water vapour, all of 
which absorb infrared radiation at certain wave- 
lengths, is minimal. However, they warn that 





Electrical__. 


Detector signal 





Fig. 1. Operating principle of the Normac. 


water is removed, and then flows into the measur- 
ing chamber. The volume of this chamber is small 
in order to allow a rapid response. The radiation 
from the infrared lamp is split into two beams, 
one going through the measuring chamber and 
the other through a sealed reference chamber 
containing air. The beams then pass through a 
filter which selects a small region of the spec- 
trum, centred at 3.3 ym, in which the volatile 
agents have an absorption peak, and then pass to 
a solid state detector. The filter is mounted on a 
rotating disc which also generates additional 
reference signals, used to ensure instrument 
stability. The ratio of the responses of the trans- 
ducer to the beams depends on the individual 
volatile agent and its concentration in the 
measuring chamber. The responses are linearised 
and further processed to give a signal which is dis- 
played on an analogue meter, with scale 
graduated up to 5 vol% in 0.1 vol% subdivisions. 
A button on the front panel allows either con- 
tinuous or peak concentrations to be displayed. 

The different volatile agents absorb infrared 
radiation to different extents so a different ampli- 


alcohol vapour affects the accuracy of the read- 
ings. The instrument has external zero and gain 
controls. A canister containing a halocarbon 
mixture equivalent to a stated concentration of 
enflurane is provided for calibration. 

There is an audible alarm to indicate when the 
vapour concentration is outside adjustable low 
and high limits. A 5-pole DIN socket at the rear 
of the instrument provides an analogue output 
signal proportional to anaesthetic agent con- 
centration, and also provides appropriate signals 
for a remote alarm. The instrument is accom- 
panied by a comprehensive and clearly written 
instruction manual. 


Methods 


Most of the laboratory evaluation was carried out 
with an instrument loaned by the suppliers. The 
clinical assessment and certain laboratory checks 
were done with a second instrument, which had 
been in clinical use for about one year. Unless 
indicated otherwise, the tests described below 
were carried out on the first instrument. 
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Laboratory assessment 


The instrument’s performance was assessed for 
halothane (Fluothane, ICT), enflurane (Ethrane, 
Abbott) and isoflurane (Aerrane, Ohio). 
Methoxyflurane was not used, since it has been 
withdrawn from sale in the U.K. Five litres/ 
minute of oxygen were supplied by a standard 
Boyles machine, with the volatile agent added 
from Cyprane Tec 3 vaporizers with Selectatec 
fittings. Samples were taken from a cannula 
inserted into the tubing carrying the gas stream. 

To permit more accurate readings than were 
possible on the internal analogue meter, a digital 
voltmeter (Weston model 6400) was connected 
to the DIN socket. For continuous recordings the 
output signal was displayed either on a potentio- 
metric recorder (Curken or Linseis) or a high 
speed UV recorder (SE Labs model 3006). 

A 50 ml gas-tight Hamilton syringe, fitted with 
a two-way Hamilton valve, was used to collect 
samples for chromatography. The samples were 
analysed in duplicate, using a Pye Unicam PU4500 
gas chromatograph (GC), fitted with a 2-metre 
long, 4-mm internal diameter glass column 
packed with 80-100 mesh Chromosorb WHP 
coated with 10% silicone OV101. The oven tem- 
perature was 200°C and the carrier gas was 
oxygen-free nitrogen at a flow of 40 ml/minute. 
A flame ionisation detector, operating at 250°C, 
was used, and the output signal fed to a Hewlett 
Packard HP 3390A reporting integrator; peak 
area was used as a measure of concentration. The 
samples were introduced to the carrier gas stream 
by means of a Valco gas sampling valve fitted 
with a 100 ul loop. The retention time was 0.6 
minutes for all three volatile agents. The gas 
chromatograph was calibrated using standard 
mixtures prepared by a static dilution method 
with a relative standard error of less than 0.5%.* 

The following tests were carried out in a well 
ventilated laboratory equipped with a scavenging 
system. 

Earth ieakage was tested to BS5724 require- 
ments,’ using a Rigel 233 electrical safety tester. 

Warm-up time was measured by switching the 
instrument to ‘measure’, either from ‘off or from 
‘standby’, and recording the output voltage on a 
potentiometric recorder, with the instrument 
sampling room air. 

Zero drift was measured from a 7-hour tracing 
from a potentiometric recorder, obtained on the 


enflurane setting with the instrument sampling 
room air. 

Noise was estimated from potentiometric 
recorder tracings, on the enflurane and halothane 
settings, for room air sampling. This test was 
carried out on both instruments, under similar 
environmental conditions. 

Short term gain drift was estimated by re- 
petition of the following cycle. The instrument 
was set to zero on oxygen, then the Enfluratec was 
set to 1% and the GC and Normac responses 
obtained; the vaporizer was then switched off. 
The cycle was carried out at 5-minute intervals for 
45 minutes and also at 30-minute intervals for 4.5 
hours. For each set of ten measurements, the 
instrument’s response was normalised to 1% (to 
take account of drift in the vaporizer output), and 
the coefficient of variation calculated). 

Long term gain drift was assessed using the one- 
year-old instrument. It was calibrated as 
described above and its response to 1% enflurane 
measured against the GC one week later. The 
instrument had been switched off for most of the 
intervening period. 

Response time was estimated by quickly remov- 
ing the sampling connector from a 1% enflurane 
mixture and measuring the time for the signal to 
change from 90% to 10% of the initial level, on 
the UV recorder tracing. 

Linearity and amplification were checked by 
calibrating the Normac against the GC, using a 
1% enflurane mixture, and then making a series 
of measurements on the GC and Normac at dif- 
ferent enflurane concentrations. Measurements 
were made with increasing and decreasing con- 
centrations. The study was repeated using iso- 
flurane and halothane, without changing the 
initial calibration setting. An additional set of 
enflurane measurements was made with a carrier 
flow of 1 litre/minute of oxygen. In each case, 
linear regression analysis was carried out, with 
GC reading as independent variable (x) and 
Normac reading as dependent variable (y). The 
values of a and b in the expression y= ax + b 
were estimated. 

Accuracy of calibration canisters. Two canisters 
were checked (one new and one nearly ex- 
hausted) using the Normac. The maximum stable 
reading was recorded and the actual concentra- 
tion obtained from the enflurane calibration 
graph. 

Interference from nitrous oxide, carbon dioxide 
and water vapour. The effects of differing concen- 


trations of nitrous oxide (20, 40, 60, 80, 100%), 
carbon dioxide (5, 9, 40, 100%) and oxygen satur- 
ated with water vapour at 37°C on the Normac’s 
zero reading were recorded. 


Clinical assessment 


An instrument which had been in clinical use for 
one year without maintenance was assessed in a 
variety of general anaesthetic procedures. A con- 
tinuous record was obtained with a potentio- 
metric recorder. 


Resalts 
Laboratory assessment 


Earth leakage. The instrument passed the earth 
leakage requirements of BS5724, both for normal 
operation and under a single fault condition 
(open supply). 

Warm-up time. The warm-up time from cold 
was approximately 90 minutes (three times the 
manufacturer’s specified value), but this was 
reduced to 5 minutes if the unit was left in standby 
mode. 

Zero drift. The zero drift (maximum reading- 
minimum reading) over the period of 7 hours was 
0.002 vol% on the enflurane setting. 

Noise. For the instrument on loan from the 
suppliers, the peak-to-peak noise amplitude was 
0.003% for enflurane and 0.015% for halothane. 
For the one-year-old instrument, the corres- 
ponding readings were 0.02% and 0.1%. 

Short term gain drift. The coefficients of 
variation for 5 and 30 minute sampling were 
0.55% and 0.15% respectively. 

Long term gain drift. One week after calibra- 
tion, the instrument read high, by 6% of the con- 
centration. 

Response time. The mean response time was 
554 ms (SEM 14 ms) which is in close agreement 
with the manufacturers specification of 600 ms. 

Linearity and amplification (Figs 2-4). There 
was a high correlation between the values 
recorded by the GC and the Normac, with all the 
correlation coefficients in excess of 0.99. When 
measuring halothane, the instrument consistently 
over-read, whereas with enflurane and isoflurane 
it under-read at low concentrations and over- 
read at high concentrations. The greatest error 
was 6% of the reading. Data for enflurane at 1 
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Fig.2. Enfluranecalibration. @, Ascending; x, descend- 
ing; n=13; a= 1.05 (SE 0.01); b= —0.04% (SE 
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Fig. 3. Halothane calibration. @, Ascending; x, de- 
seending; n=14; a=1.02 (SE 0.01); 6=0.02% 
(SE = 0.02%). 
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Fig.4. Isofluranecalibration. @, Ascending; x, descend- 


ing, n=12; a=1.05 (SE 0.01); b= —0.03% (SE 
0.01%). 


litre/minute were similar to those for enflurane 

at 5 litres/minute. No hysteresis was observed. 
Accuracy of calibration canisters. The canister 

with a stated enflurane equivalent of 2.66% 
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Fig. 5. Halothane concentration measured in Mapleson A system; sampling from oral end of the tracheal tube; fresh 

gas flow 4 litres/minute N,O, 2 litres/minute O,. (A), No halothane in system; (B), inspiratory halothane concentra- 

tion; (C), expiratory halothane concentration; (D), uneven tracing caused by signal noise (compare Fig. 6,D); (E), 

expiratory halothane concentration with vaporizer off; (F), inspiratory halothane concentration with vaporizer off 
{note zero drift). 


measured 2.72% (SEM 0.02%) whereas the 
canister marked 2.85% measured 2.85% (SEM 
0.02%). 

Interference from nitrous oxide, carbon 
dioxide and water vapour. With 100% nitrous 
oxide, the maximum effect was observed when 
measuring halothane and amounted to — 0.15%; 
the reading was — 0.03% with enflurane and iso- 
flurane. Carbon dioxide and oxygen saturated 
with water vapour at 37°C gave no reading on any 
setting. 





Clinical assessment 


The equipment was easy to set up and provided 
clinically useful information in a variety of anaes- 
thetic procedures. Figures 5-7 are typical trac- 
ings, illustrating a number of points. The noise on 
the halothane setting (Fig. 5,A) is considerably 
greater than that on the isoflurane setting 
(Fig. 6,A). Breath by breath measurements are 
possible, allowing useful monitoring of end tidal 
concentrations (Fig. 7b). In Figure 5, the final 
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Fig. 6. Isoflurane concentration at oral end of tracheal tube for a patient ventilated with 3.5 litres/minute N,O and 

3.5 litres/minute O, by a Manley Pulmovent. (A), No isoflurane in system; (B), inspiratory isoflurane concentration; 

(C), expiratory isoflurane concentration; (D), smoother tracing compared with Fig. 5,D: (E), expiratory isoflurane 
concentration with vaporizer off; (F), inspiratory isoflurane concentration with vaporizer off. 
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Fig. 7. Isoflurane concentration in a low flow circle system with the patient breathing spontaneously. A fresh gas 

flow of 500 mi/minute N,O and 500 mi/minute O, was used, with CO, absorber in the system throughout, and 

vaporizer situated outside the circle, (a) Sampling at tracheal tube: (A), inspiratory concentration, (B) expiratory 

concentration; (b), sampling at tracheal tube: (C), peak inspiratory concentration, (D), trough expiratory concentra- 

tion; (c), sampling from inspiratory limb of the breathing system; (d), sampling from inspiratory limb of the breathing 
system: (E), inspiration, (F), expiration. 


level of halothane (E) was about 0.2% below the 
starting zero level (A); this was probably a result 
of a warm-up time of only 20 minutes instead of 
the 90 minutes suggested by the laboratory data. 


Di i 
We found the Normac to be well designed, 
reliable and easy to use. It is virtually unaffected 
by water vapour, carbon dioxide or nitrous oxide, 
and its response time is sufficiently short to allow 
breath by breath monitoring. 

The laboratory assessment shows that the 
instrument is sufficiently accurate for clinical 
purposes. The relative electronic gains for the 


different agents are such that the instrument can 
be used for all three agents on the basis of the 
enflurane calibration. However, for each agent, 
the calibration curve shows some departure from 
the line of identity, and this discrepancy is great 
enough to preclude the use of the monitor for 
applications where an accuracy of better than 
5% is required. It is possible that this aspect could 
be improved by internal adjustments to the 
electronic circuitry. 

The instrument is sufficiently accurate for 
clinical purposes. The relative electronic gains for 
the different agents are such that the instrument 
can be used for all three agents on the basis of the 
enflurane calibration. However, for each agent, 
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the calibration curve shows some departure from 
the line of identity, and this discrepancy is great 
enough to preclude the use of the monitor for 
applications where an accuracy of better than 5% 
is required. It is possible that this aspect could 
be improved by internal adjustments to the elec- 
tronic circuitry. 

For greatest accuracy in clinical use the 
instrument should be calibrated if it has been 
switched off since previous calibration. The en- 
flurane equivalent canisters that we tested were 
accurate, and these should provide better cali- 
bration than an anaesthetic vaporizer, whose 
output may change over a period of time, even 
though it may be thermally compensated. How- 
ever, this method makes the user dependent upon 
the availability and accuracy of the canisters to 
keep the unit in active use. 

There are a number of minor limitations to the 
clinical use of the instrument. The long warm-up 
time from ‘off ’ leads us to suggest that the unit 
should be left on standby when not in use or 
switched on first thing in the morning, while 
normal theatre preparations are made. The 
instrument is least precise in determining concen- 
trations of halothane, the most common volatile 
anaesthetic. It will not give a reliable reading 
when two volatile agents are present. In view of 
the relative electronic gains, this problem is likely 
to be greatest when changing from isoflurane to 
halothane. Finally, ethanol vapour in the 
sampled gas also causes a spurious reading. 


It is important to have the instrument serviced 
regularly to keep the optical system clean. The 
second instrument that we examined had been in 
service for over a year, with no maintenance, and 
the noise on the output signal was about five 
times greater than with the instrument loaned by 
the suppliers, amounting to 0.2 vol% on the 
halothane setting. 
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Forum 


Local complications following intravenous benzodiazepines in the dorsum of the hand. A comparison 
between midazolam and Diazemuls in sedation for dentistry 


J. J. Margary, MB, BS, FFARCS, Senior Registrar, Department of Anaesthetics, St George’s Hospital, 
Blackshaw Road, London SW17 OQT, N.L. Rosenbaum, BDS, Senior Lecturer in Oral Surgery, The 
United Medical and Dental Schools of Guy’s and St. Thomas’s Hospital, London Bridge, SE1 QRT, 
M. Partridge, FDSRCS, Lecturer in Oral Surgery, King’s College Hospital, Denmark Hill, London 
SE5 9RS, S. Shankar, FRCS, FDS, FFD, Senior Registrar in Oral Surgery, The Royal Dental Hospital 
of London School of Dental Surgery, Leicester Square, London WC2H 7LL. 


Summary 

Two hundred patients requiring sedation for minor oral surgery were randomly allocated to receive either midazolam 
or diazepam as Diazemuls intravenously through a 23-gauge indwelling needle in the dorsum of the hand. The site of injection 
was inspected at7 days and 14 days post injectionand assessed for pain, tenderness, redness, induration, painless thrombosis, 
and thrombophlebitis. The mean dose administered was 0.119 mg/kg of midazolam and 0.298 mg/kg of Diazemuls. At 
7 days there was no significant difference in venous complications. At the 14 day follow up, the midazolam group had 
a significantly greater incidence of tenderness and redness (p<0.001 and p<0.05 respectively using Chi squared test). 
The incidence of thrombophlebitis in the midazolam group was 2% at 7 days and 1% at 14 days, the corresponding figures 
in those given Diazemuls being none and 1% respectively. We conclude that the dorsum of the hand is a satisfactory 
site of injection for administration of these drugs. The higher incidence of minor complications at 14 days following 
midazolam was offset by its more reliable amnesic properties. 


Key words 
Hypnatics, benzodiazepines, midazolam, diazepam (Diazemuls). 
Complications, thrombosis. 


Diazepam and midazolam have both been shown to be 
suitable agents for intravenous sedation in dentistry. 
The benzodiazepines, however, are relatively slow in 
onset when given in this way and patient response can 
be very variable. Hence, these sedatives should be 
titrated against patient response via a stable intra- 
venous access. The dorsum of the hand is a stable and 
convenient site for inserting indwelling intravenous 
needles, but the veins are small and therefore likely to 
be particularly sensitive to injections of irritant sub- 
stances. 

We compared the local venous sequelae following 
sedation using the water soluble benzodiazepine, 
midazolam 5 mg/ml (Hypnovel), and diazepam in soya 
bean oil emulsion 5 mg/m! (Diazemuls), when injected 
into the dorsum of the hand using a 23-gauge winged 
needle. 


Methods 


Two hundred adult patients attending the outpatient 
dental department or dental practice for minor oral 
surgical procedures and in whom sedation was neces- 
sary, were included in the study, which was approved by 
the local Ethical Committee. Informed consent was 
obtained from the patients, who were randomly 
allocated to receive midazolam or Diazemuls. 

A 23-gauge indwelling needle was inserted 
into a vein on the dorsum of the hand. If venepuncture 
was unsuccessful, the other hand was used. If vene- 
puncture failed in both hands, the patient was excluded 
from the trial. The needle remained in situ during the 
procedure and was removed on completion of the 
procedure. Firm pressure was applied to the vene- 
puncture site using a swab and adhesive tape. The skin 
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0003-2409/86/020205 + 03 $03.00/0 © 1986 The Association of Anaesthetists of Gt Britain and Ireland 205 


206 Forum 

was always swabbed with isopropyl alcohol and 
allowed to dry before venepuncture. No other drugs 
were given through the needle, and the blood pressure 
was always taken in the opposite arm. Diazemuls was 
given a- a rate of 2 mg/15 seconds until 0.2 mg/kg had 
been administered, and midazolam 0,07 mg/kg at a rate 
of 1 mg/20 seconds. Additional increments were given 
as required to achieve satisfactory sedation. Local 
anaesth2tic dental blocks were injected 2 minutes after 
completion of the sedative injection. The volume 
required to fill the dead-space of the needle was not 
considered as part of the administered dose. 

At the end of the procedure, the operator graded the 
quality of sedation as 1, 2, or 3 corresponding to good, 
fair, or poor. In the Diazemuls group, the needles 
remained in situ for a mean of 29.7 minutes (SD 9.5), 
and in tte midazolam group for a mean of 24.9 minutes 
(SD 10.5). All patients were seen again at 7 and 14 days 
post treatment and the site of intravenous injection was 
examined. This was assessed at both follow-ups for 
pain, tenderness, redness, induration, painless throm- 
bosis, and thrombophlebitis. Cases of thrombophlebitis 
were followed up until symptoms had waned. 


Results 
Table | details the sex, and the mean age, weight, and 


Table 1. Patient data 
Midazolam Diazemuls 


Number 100 (M32/F68) 100 (M31/F69) 
Mean weight (kg) 60.69 61.57 
Mean age [years) 36.65 34.17 
Mean total dose (mg/kg) 0.119 0.298 
Mean quality of sedation 1.18 1.50 





dose of sedative. There was no significant difference 
between -he patients in the two groups. The mean 
quality of sedation score was 1.18 for the midazolam 
group and 1.50 for Diazemuls. No procedure had to 
be abandoned as a result of poor sedation. 

The camplications found at the 7 and 14 day 
examinations of the injection site are shown in Table 2. 
There was no significant difference in venous sequelae 
between the two groups at 7 days (Chi squared test). At 
the 14 day post treatment follow-up, the midazolam 


group showed a significantly greater incidence of ten- 
derness (p < 0.001) and redness (p < 0.05). The incidence 
of thrombophlebitis was not significantly different. One 
patient in each group had thrombophlebitis extending 
up the forearm at 14 days. In both of these patients, the 
tenderness over the vein had resolved by 4 weeks, 
although the vein was still indurated. 


Discussion 

A controlled comparative study of the venous com- 
plications following intravenous injection of mid- 
azolam or Diazemuls in the dorsum of the hand has not 
been previously reported. Previous studies'? have 
demonstrated the low incidence of venous complica- 
tions when Diazemuls is injected at this site. It has also 
been demonstrated that midazolam also causes a low 
incidence of local venous complications? when injected 
at various sites in the arm, although it has been 
suspected of causing late thrombophlebitis. This study 
has compared the complications following administra- 
tion of each of these two agents when injected only into 
the veins of the dorsum of the hand. Seven and 14-day 
follow-ups were made to detect any delayed venous 
complications. 

We believe that a continuous intravenous access 
should be used when administering benzodiazepines for 
sedation because of their relatively slow onset of action 
and the great variability of patient response. This allows 
careful titration of the sedative to achieve the desired 
depth of sedation. Midazolam, as confirmed in this 
study, produces a more profound sedation than 
diazepam, and therefore should be more carefully 
titrated to prevent accidental over-sedation.* 

For this reason, the veins on the dorsum of the hand 
were chosen, on account of their ease of cannulation, 
accessibility, and the stability of the site for an in- 
dwelling needle. We also used winged indwelling needles 
since they are simple to insert into these veins. The 
disadvantage of the veins on the dorsum of the hand are 
that the veins are small and carry a relatively small 
blood flow compared with more proximal veins. Hence, 
they are more susceptible to irritant injections. 

In this study, the incidence of major sequelae (throm- 
bosis and thrombophlebitis) was low and not sig- 


Table 2. Incidence of venous sequelae 


7 days 14 days 

Observation Midazolam Diazemuls Midazolam Diazemuls 
Pain 2 1 1 1 
Tenderness 18 12 23° 3* 
Redness 23 18 St It 
Induration 6 5 6 2 
Painless 

thrombosis 3 3 6 2 
Thrombophiebitis 2 0 1 1 
None 67 79 7t 93+ 


*p<0.001; tp<0.05; (x? test). 


nificantly different. However, a significantly greater 
incidence of tenderness and redness following mid- 
azolam was seen at 14 days. Midazolam hydrochloride 
is presented in an aqueous solution with a pH of less 
than 4; this low pH could account for the greater 
incidence of venous sequelae. 

We conclude that both of these agents proved to be 
satisfactory agents for sedation in dentistry. Although 
midazolam had a higher incidence of minor com- 
plications when injected in the dorsum of the hand, it 
should be remembered that even intravenous injection 
of isotonic saline causes an incidence of venous 
sequelae.” 
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Generic names 


The convention that only generic names of drugs are 
used in scientific papers is long established. Attempts 
to challenge the validity of this practice have met with 
strong editorial resistance.’ Conforming to this 
convention may conceal information which is 
scientifically and therapeutically relevant. 

In 1978 a paper described the suppression of response 
to surgery when fentanyl 50 ug/kg was given before 
surgery.? A second paper from the same hospital, 
published in 1984, described the failure of fentanyl 
50 ug/kg, given 60 minutes after surgery began, 
to suppress the responses to surgery.’ A 70-kg patient 
in 1978 would have received not only 3500 ug fentanyl 
but also 35 000 ug methyl hydrobenzoate and 3500 ug 
propyl hydrobenzoate. The formulation changed in 
1980 and a similar patient in 1984 would have received 
fentanyl alone. 

The convention of generic name only meant the the 
presence of large amounts of other drugs was un- 
reported. Nathan and Sears stressed that the presence 
of the hydroxybenzoates must be taken into account in 
both experimental and therapeutic situations,‘ so, since 
these drugs can block conduction in nerves, it would be 
proper to take their effects into account. There are no 
previous reports of the effects of such large amounts of 
the hydroxybenzoates given intravenously in man. 

The formulations of such basic drugs as morphine 
may also differ significantly. Several studies of high 
dose morphine for cardiac surgery have been published. 
Variations in the formulation used in different centres 
may invalidate comparisons. The Macarthy pre- 
paration (UK) contains chlorocresol 2 mg and meta- 
bisulphate 1 mg, whereas that of Lilly (USA) contains 
chlorobutanol 5 mg and sodium bisulphate ! mg. The 
chlorobutanol in the American preparation is a chloral 
hydrate derivative with hypnotic and anti-emetic 
properties. It may be a useful supplement to the anaes- 
thesia, Chlorocresol is more likely to have adverse 
therapeutic effects. 

Other ampoules we use contain a wide and variable 
variety of additives. They include anti-oxidants, 
bacteriostats, diluents, emulsifiers, fungistats, 
stabilisers, solvents, suspending agents and tonicity and 
pH adjusters. Information about these additives, 
classified as inactive ingredients, does not kave to 
appear on the label and may not be found by reference 
to the British Pharmacopeia (BP), the British 
Pharmacopeia Codex, Martindale’s Extra Phar- 
macopocia, the British National Formulary, The 
Monthly Index of Medical Specialties, or the Data 
Sheet. The information is only available from the 
manufacturer. Some manufacturers, such as Janssen, 
provide it readily. May and Baker provide the informa- 
tion but forbid its publication. Roche would not release 


the information but gave a confidential list to the 
hospital pharmacist because they wish to control the 
circulation of such information for commercial reasons, 
despite evidence about bioavailability of diazepam.* 

In the United States of America, the Food and Drug 
Administration have released a list of over 700 inactive 
ingredients which may be included in Approved 
Prescription Drug Products. The list includes alcohol, 
absolute alcohol, denatured alcohol, and alcohol 
diluted. In 1982, the inadvertent use of ampoules of 
saline which, unknown to the clinicians, contained 
benzyl alcohol as a preservative caused the deaths of 15 
patients. Both the United States Pharmacopeia and BP 
allow the inclusion of a suitable bacteriostat in the 
preparation of saline for injection. 

The information on the Data Sheet may even be 
misleading because it may state what is not included, 
but omit that which is included in the formulation. The 
Data Sheet for one preparation of nitroglycerin, Nitro- 
cine (Sanol Schwarz Pharmaceuticals Ltd.) states that 
it ‘does not contain alcohol or potassium’, but it does 
Not state that propylene glycol is in the formulation. A 
case of propylene glycol intoxication due to a similar 
formulation of nitroglycerin has been reported.° The 
requirements of The Medicines (Data Sheet) Regula- 
tions 1972 should be amended to prevent this type of 
entry. 

Editors should now abandon this convention and 
insist that, in addition to the generic name, the source 
(brand name) and the formulation be included in each 
report. This change would, in my opinion, facilitate 
scientifically valid comparisons of published work and 
contribute to therapeutic safety. 


Queen Elizabeth Hospital, 
Edgbaston, 
Birmingham, B15 2TH 


E.T. MATTHEWS 
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Indications for blood microfiltration 
The review by Dr Derrington on ‘The present status of details are important as well. 
blood filtration’ (Anaesthesia 1985; 40; 334-47) was 
very interesting. Even though the subject has been Department of Anaesthesia, K. LINKO 
reviewed before,! it certainly deserves re-evaluation Helsinki University Central Hospital, 
from time to time. It is easy to agree with the writer on Haartmaninkatu 4, 


most points brought up in the article. However, I would 
like to comment on certain arguments in the summary 
and conclusions. 

Dr Derrington concludes that the only indications for 
using microfilters are cardiopulmonary bypass and the 
preparation of granulocyte poor blood. However, 
aggregates (and granulocytes) can also be removed 
simply by a standard transfusion set filter.? Regardless 
of the filter used, blood must be stored for about one 
week and centrifuged prior to filtration in order to 
increase the particle size of the aggregates and the 
granulocyte harvest. Granulocyte poor blood is mainly 
used to reduce the number and severity of febrile 
transfusion reactions, while the main indication for 
microfilters is massive blood transfusion. 

In Cr Derrington’s opinion, red cell concentrates 
should be used instead of whole blood, even for massive 
transfusions. If the buffy coat is removed during the 
preparetion of red cell concentrates, they contain very 
few aggregates, which makes microfiltration un- 
necessary. However, whole blood containing large 
quantities of aggregates is still widely used, especially 
for massive transfusions mainly because of the technical 
simplicity. Whether the removal of aggregates from 
stored blood reduces the incidence of the adult 
respiratory distress syndrome is unclear. Certainly 
micro-agpregates cannot be of any benefit to the 
patient. 

The conclusion, with which I disagree, is that when 
exsanguination is a risk, microfiltration may be 
dangerous. The pressure drop across microfiltration 
devices is usually less than that caused by a regular 
transfusion set.>* This is mainly dependent on the 
dimensions of the transfusion line.* Microfilters may 
become occluded by debris originating from the blood, 
and thus cause additional resistance to flow. However, 
the filtration capacity of the microfilters on the market 
is variatle® and the filters with the highest capacity 
easily tolerate 5-7 units of stored whole blood, which is 
more than can be expected with standard transfusion 
sets. Thus, the main indication for using microfilters is 
rapid massive transfusion with stored whole blood. 
Filters do not cause any risk to the heavily bleeding 
patient. Dn the contrary, a good microfilter is an 
essential part of the transfusion equipment. Micro- 
filtration of blood has been a routine in our clinic for 
5 years. Several patients have now received blood 
transfusions exceeding 100 units of stored whole blood 
(max 186 units) during a single operation. This would 
hardly have been possible without the microfiltration 
device (Fenwal C2135), even though other technical 
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A reply 


Dr Linko’s comments are most useful but, in answer to 
his criticism about the expected use of red cell con- 
centrates, it was not my intention to suggest that red cell 
concentrates alone should be used in massive trans- 
fusion. Red cells, plasma, platelets and clotting factors 
should be used together to treat massive blood loss. 

The relationship between micro-aggregates in stored 
blood and the incidence of adult respiratory distress 
syndrome (ARDS) is, I agree, far from proven. It is the 
automatic use of microfilters in the belief that they 
reduce the incidence of ARDS that I criticise. 

The statement that the main indication for the use of 
microfilters is rapid massive transfusion with stored 
blood is more difficult to accept. The standard 
transfusion filter may block more rapidly than some 
microfilters but this is likely to be related to the surface 
area available for filtration, not the pore size. This is 
therefore an argument for enlargement of the filtration 
surface in the standard 160 um filter, not for the use of 
microfilters. 

The case for the use of microfilters remains at the 
moment, in my view, unproven. 

University Department of M. CLARE DERRINGTON 

Anaesthesia, 

Leicester Royal Infirmary, 
Leicester, LEI SWW 
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Bauprenorphine—oaloxone synergism: evidence for dual system hypothesis of pain perception 


Schmidt et al. in their recent paper (Anaesthesia 1985; 
40: 583-6) have presented data which provided very 
strong evidence for the synergistic effects of naloxone in 
combination with buprenorphine in pain relief. This 
finding had been previously reported by Dum and Herz, 
who showed that the agonist potency of higher doses of 
buprenorphine was increased by the concomitant 
administration of the opioid antagonist naltrexone. 
They explained this apparently paradoxical effect by: 
suggesting that it might be due to cooperativity at the 
receptor. ! 

We have considered such an explanation in attempt- 
ing to clarify our own findings, in which naloxone 
potentiated the effects of opioid agonists, i.e. analgesic 
nitrous oxide? and morphine? and which led us to 
postulate the use of pure opioid antagonists as anal- 
gesics.* Furthermore, as a result of this work we have 
proposed the dual system hypothesis of pain percep- 
tion, based on the presence of both an opioid and anti- 
opioid system with differential sensitivities to nal- 
oxone.?? 56 Using this hypothesis it is possible to 
explain these paradoxical effects of pure opioid 
antagonists. Experimental confirmation of the presence 
of such an hyperalgesic anti-opioid system has been 
presented by Wu et al., who have localised this system 
in the pontine-medullary region.” 


M.A. GILLMAN 
F.J. LICHTIGFELD 


South African Brain 
Research Institute, 

Suite 9, Highlands House, 

173 Louis Botha Avenue, 1 

Orange Grove, 2192, 
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Etomidate and Cashing’s syndrome. 


Etomidate, an imidazole-derived anaesthetic, is used for 
induction and maintenance of anaesthesia and, until 
recently, for prolonged sedation of critically ill patients. 
This drug may be administered either by bolus injection 
or continuous infusion, and is characterised by a rapid 


onset of action and recovery and lack of cardiovascular 
depression.! 

Ledingham’s letter,? which reported increased 
mortality in intensive care units associated with the use 
of etomidate, was followed by a proposal that ‘in the 
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light of these findings, there is not a very strong case for 
the continued use of etomidate either for anaesthesia or 
for longterm sedation’ .* It is our opinion that this drug 
is useful in clinical anaesthesia as a continuous infusion 
in the absence of adverse effects* and the presence of 
cardiovascular stability and, in particular,’ in those 
cases when we might take advantage of the inhibition of 
cortisol synthesis.®~§ 

Recently, in a patient with Cushing’s syndrome, due 
to unilateral adrenonodular hyperplasia, on whom a 
left adrenalectomy was performed, we used a balanced 
anaesthesia induction with intravenous fentanyl 
(0.1 mg) and etomidate (0.3 mg/kg). Tracheal in- 
tubation was facilitated with suxamethonium 
(1 mg/kg), and for maintenance of anaesthesia a 
combination of air, oxygen, alcuronium and fentanyl 
was used, supplemented by an 0.02 mg/kg/minute 
infusion of etomidate. The adrenocortical function was 
studied during anaesthesia and in the recovery period 
and haemodynamic changes were monitored. There 
was a moderate peroperative decrease in serum cortisol 
levels, which returned to normal 8 hours later (Fig. 1) 
and, above all, the cardiovascular system was stable 
during surgery. 

These data suggest that etomidate deserves further 
study, as an anaesthetic for patients with excess 
cortisol. 


Department of Anaesthesia and J. Costa 
Department of Endocrinology, D. Ramos 
Hospital de S. Joao, S. MASSADA 


D. CARVALHO 
D. PIGNATELLI 


Porto, Portugal 


References 


1. Crapo A, Masepa J, Navarzo E, Escarra A, AVELLO F. 
Induction of anaesthesia with etomidate: haemodynamic 
study of 36 patients. British Journal of Anaesthesia 1980; 52: 
8034. 

2. LepincHaM I McA, Finney WEI, Warr I, MEKEE JI. 
Etomidate and adrenocortical function. Lancet 1983; 1: 
1434, 

3. Editorial. Etomidate. Lancet 1983; 2: 24-5. 

4. Moorg RA, ALLEN MC, Woon PJ, Rees LH, Sear JW. Peri- 
operative endocrine effects of etomidate. Anaesthesia 1985; 
40: 124-30. 

5. Owen H, Spence AA. Etomidate. British Journal of 
Anuesthesia 1984; 56: 555-7. 

6. WaGneR RL, Wurte PF, Kan PB, ROSENTHAL MH, 
FELDMAN D. Inhibition of adrenal steroidogenesis by the 
anesthetic etomidate. New England Journal of Medicine 
1984; 310: 1415-21. 

7. WAGNER RL, Wuire PF. Etomidate inhibits adrenocortical 
function in surgical patients. Anesthesiology 1984; 61: 
647-51. 

8. DuTHE DJR, Fraser R, Nuamo WS. Effect of induction of 
anaesthesia with etomidate on corticosteroid synthesis in 
man. British Journal of Anaesthesia 1985; 57: 156-9. 


Loss of consciousness after caudal injection 


May I add to the discussion on the cause of loss of 
consciousness after caudal injection described by Dr 
Semple and Dr Bisset (Anaesthesia 1985; 40: 380)? 
Speed of injection and large volumes of injectate were 
incriminated. Recent observations suggest that slow 
rates, and small volumes of injection may still cause 
large rises in intracranial pressure (ICP). 

The effects of pressure transmission along the 
cerebrospinal axis were assessed in cadavers. Three 16- 
gauge epidural needles were inserted with the cadaver 
in the left lateral position. An injection needle was 
inserted to the Lz-3 epidural space. A spinal sensing 
needle was inserted into the adjacent rostral space 
(Li -2) with Huber point facing cephalad; this was used 
to measure spinal epidural pressure. The third needle 
was inserted into the cisterna magna using the technique 
described by Abrahams and Webb,’ since cisternal 
pressure provides an accurate measure of ICP in the 
cadaver.” The cisternal and spinal sensing needles were 
each connected via three-way taps and 30-cm mano- 
meter tubing to separate Bell and Howeils pressure 
transducers. The transducers were each taped in 
position to the midline of the cadaver and the zero 
control adjusted; they were then connected to parallel 
channels of a Devices twin-channed chart recorder. 

Injections of 10 ml of 0.9% sodium chloride solution 
were made through the injection needle while the spinal 
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Fig. 1. Pressure recordings following epidural injection over 12 
seconds with initial ICP of 0 kPa. 
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Fig. 2. Pressure recordings following epidural injection over 40 
seconds with initial ICP of 1.0 kPa. 


epidural and cisternal pressures were recorded. Injec- 
tion was performed at zero ICP (Fig. 1). This showed 
a rapid rise and fall in ICP with epidural pressure. 
Injections were repeated after raising the ICP to 1.0kPa 
using 0.9% sodium chloride. Subsequent injection 
showed an equally rapid rise in ICP with epidural 
pressure, but with a more prolonged plateau in ICP 
before return to a new, slightly raised level (Fig. 2). It 
should be noted that the rate of injection was slowed in 
order to obtain similar peak epidural pressure. 

These observations extend those of Burn and 
Langdon (Anaesthesia 1985; 40: 824) who measured 
spinal pressures two segments cephalad to large volume 
injectate. Large rises in ICP may, however, follow small 
volumes of injectate administered slowly; the important 
feature is the cerebrospinal compliance. Dr Zuck 
(Anaesthesia 1985; 40: 923) describes the effects of 
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acutely raised ICP after injection. Perhaps this 
phenomenon occurs in patients with underlying raised 
ICP or even with intracerebral pathology. It would be 
interesting to know whether any of these patients have 
undergone investigation for such lesions. 

Department of Anaesthetics, P.A.J. HARDY 
Royal Infirmary, 

Edinburgh, EH3 9YW 
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Are armoured tracheal tabes really necessary for neuroansesthesia? 


It is customary in many anaesthetic departments to use 
armoured tracheal tubes for neurosurgical patients, and 
this practice is supported by standard texts on the 
subject. However, there does not appear to be any 
justification for this precaution when the patient’s head 
remains stationary and the operative field does not 
encroach upon the airway. It should be possible, in my 
opinion, to maintain a clear airway using ordinary 
tracheal tubes. 

To test this hypothesis, disposable implant tested 
tracheal tubes were used for a wide variety of neuro- 
surgical patients who required anaesthesia and the 
patency of the airway was closely monitored. In adults, 
size 8.0, 8.5 or 9.0 mm internal diameter Mallinckrodt 
‘Lo Pro’ tubes with low-pressure cuffs were used and in 
children plain tubes of the appropriate size were 
inserted, with oral packing if necessary. They were 
taped in place with plastic adhesive strapping and care 
was taken when positioning the head in order to avoid 
compression of the face or extreme flexion or extension 
of the neck. Bilateral air entry was checked and airway 
pressures were monitored continuously. Over one 
thousand cases have been recorded to date in a wide 
variety of postures common in neurosurgery. 

One hundred and seventy-three major craniotomies 
were performed, 33 anterior cervical fusions and 73 
posterior spinal decompressions anaesthetised in the 
prone position. In the radiology department, dis- 
posable tubes were used for angiography (femoral 
catheters) and CT scanning. Three pneumcencephalo- 


grams were carried out in the sitting position. Minor 
procedures included ventriculoperitoneal shunt in- 
sertion or removal, burr hole procedures and various 
wound explorations. The only malfunction recorded 
was one episode of cuff failure which was detected prior 
to use and a replacement was substituted with no 
further problems. 

The conclusion drawn from these observations is that 
neurosurgical cases may be successfully managed 
without the use of armoured tracheal tubes. In addition, 
20 patients who required postoperative respiratory 
support were spared unnecessary re-intubation at the 
end of the operation, and a larger number of patients 
may have benefited from the use of low-pressure 
tracheal cuffs during the longer operations. More- 
over, it has been noted during the study that the plastic 
tubes far from tending to kink, become quite malleable 
at body temperature and conform to the patient's own 
airway. These results suggest that a larger trial is 
warranted which should include a cost-benefit 
comparison between the different types of tracheal 
tubes available to us. In the meantime, | would welcome 
the response of my colleagues in other neurosurgical 
centres to this challenge of a well-established custom 
which may be in need of review. 


Department of Neuroanaesthesia, P.J. WriGHt 
Royal Hallamshire Hospital, 


Sheffield S10 2JF 


Use of atracurium and labetalol in a patient with phseochromocytoma 


Atracurium would appear, on theoretical grounds, to 
be the suitable non-depolarising muscle relaxant for use 
during anaesthesia in patients with phaeochromocy- 


toma. The arterial blood pressure may fluctuate during 
induction, intubation, positioning of the patient on the 
operating table and during surgical manipulation of the 
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tumour. Hypertensive episodes may be accentuated by 
pancuronium and gallamine which cause tachycardia, 
and are therefore potentially hazardous. Atracudum 
does not have any effect on the heart rate’ and would 
therefore seem to be the better muscle relaxant to use 
in cases of phaeochromocytoma. 

A 37-year-old female presented with classical history 
of headaches, vomiting, pallor, palpitations and 
anxiety. Clinically, she was hypertensive with supine 
arterial blood pressure of 140/100 mmHg. Her 24-hour 
recording of ECG showed mainly ventricular ectopics 
with occasional supraventricular ectopics and 
occasional dropped beat. She was investigated for 
phaeochromocytoma and analysis of 24-hour urine 


collection showed levels of catecholamines diagnostic of ` 


phaeochromocytoma (urine normetanephrine of 
141 pmol/24 hours; normal <5.5 pmol/24 hours). 
Intravenous pyelogram showed compression of upper 
pole of left kidney and CT of abdomen confirmed a 
9-cm mass of tissue above the left kidney. She was 
immediately (three weeks before operation) started on 
phenoxybenzamine 20 mg twice a day and this was 
increased to 40 mg bd (two weeks before operation) to 
achieve a blood pressure of 140/90 mmHg and a pulse 
of 85/minute. 

On the day of surgery the patient was premedicated 
with papaveretum 15 mg and hyoscine 0.3 mg intra- 
muscularty one hour pre-operatively. Arterial and 
peripheral lines were established under local anaes- 
thesia. Labetalol 40 mg was given intravenously before 
induction of anaesthesia. Anaesthesia was induced with 
thiopentone 200 mg followed by atracurium 50 mg. The 
patient's trachea was intubated and lungs ventilated 
with nitrous oxide and oxygen in 2:1 mixture with 
addition of 0.5% isoflurane. Increments of 10 mg of 
atracurium were repeated every hour. After induction 
of anaesthesia, an oximetric opticath catheter was 
inserted and pulmonary artery wedge pressure, central 
venous pressure (CVP) and venous oxygen saturation 
noted (20 mmHg, 12 cm H,O and 70% respectively). 

During the operation the pulse remained stable be- 
tween 70 and 80 beats/minute. The diastolic blood 
pressure showed very little change and was in the range 


of 70-80 mmHg. During the entire two and a half hour 
procedure, the systolic pressure exceeded 150 mmHg 
only on three occasions, which were associated with 
surgical manipulation. On these three occasions 
labetalol 20 mg was given intravenously to keep the 
systolic pressure below 150 mmHg. The pulmonary 
artery wedge pressure rose to 26 mmHg on two 
occasions, both associated with a rise in systolic pres- 
sure, There was a decrease in mixed venous saturation 
to 54%, indicating a decrease in cardiac output during 
these hypertensive episodes. The CVP remained at 
10-12 cm H,O throughout. Paralysis was reversed and 
the patient’s trachea extubated at the end of the 
procedure. There was neither hypertension nor tachy- 
cardia on extubation or in the immediate postoperative 
period. She was transferred to the intensive care unit 
where she remained stable and normotensive. 
Atracurium provided satisfactory conditions during 
the procedure and labetalol was a useful drug in con- 
trolling the hypertensive episodes.? Pulmonary artery 
wedge pressure monitoring is not routinely used in peri- 
operative management of patients with phaeochromo- 
cytoma. The preference is for the less aggressive method 
of CVP. This patient demonstrated the inability of CVP 
to reflect accurately the left-sided pressures and the 
usefulness of monitoring pulmonary artery pressures in 
patients with phaeochromocytoma.* 
Department of Anaesthetics, A. SHEIKH 
Royal Infirmary, 
Aberdeen. 
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Pain on injection with droperidol and prevention of pain with etomidate 


The letter from Dr Gauntlett (Anaesthesia 1985; 40: 
920-1) was interesting but it did not surprise me since 
I have been interested in this subject and since, after 3 
years of trial and error, I have discovered a reliable 
technique for the avoidance of pain on injection with 
etomidate. However, during the course of my observa- 
tions, pzin on injection is occasionally caused by pre- 
treatment with a combination of fentanyl 50 yg and 


droperidol 0.5 or 0.625 mg when they are given through . 


the 23-gauge winged needle in the dorsum of the hand. 
Pain also occurs on injection with thiopentone, 


suxamethonium, and alcuronium, when given in this 
manner, but also on occasions when administered 
through a 16-gauge Venflon in the forearm. The 
mechanism is, I consider, similar. Rapid injection into 
a small vein, possibly constricted, is the cause, irres- 
pective of the intrinsic properties of the drug. This is 
partly substantiated by the observations of Collins et al. 
on methohexitone.? 

- Pain on injection with etomidate is a common 
problem and occurs in about 30% of cases in whom no 
pretreatment or modification has been undertaken. 


ie 


There is a regimen which virtually removes this problem 
and, at the same time, makes it suitable for day cases in 
whom premedication may be omitted. Once an intra- 
venous route has been established, usually in the 
dorsum of the hand, a mixture of alfentanil 0.5 mg and 
droperidol 0.5 mg, is injected slowly. One should then 
wait until the mixture has had a chance to work, usually 
about 30 seconds, but it can be 2~3 minutes. The 
patient often notices a swimming sensation or even 
believes that anaesthesia is starting. It is important to 


wait until this effect has been observed otherwise failure . 


of the pretreatment may occur. 

A mixture of etomidate 20 mg with lignocaine 40 mg 
diluted with normal saline to make a 20-m! mixture is 
then injected slowly. The patient is asked if they are 
comfortable and examined for signs of discomfort, such 
as facial grimace, hand withdrawal or actual complaint 
of pain or burning. In 140 administrations this pre- 
treatment has resulted in 3 complaints of mild dis- 
comfort or slight burning and, in each case, I did not 
wait for the obvious effects of the alfentanil and 
droperidol mixture. 

This method is reasonably easy to undertake and 
especially effective. The use of the narcotic and 
droperidol mixture on its own caused, in a previous 
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series of 170 administrations, a 12% incidence of pain. 
A similar figure of 12%, in 92 administrations, was 
obtained when 40 mg lignocaine and a 15-second 
tourniquet around the arm before the injection of 
etomidate were used, in contrast to the success reported 
reported by Burnell.? Alfentanil is particularly useful in 
unpremedicated cases and its action appears to be 
potentiated by the small dose of droperidol which also 
has an anti-emetic effect. Hiccups and involuntary 
muscular movement are not a problem.? Occasion- 
ally apnoea, which requires manual ventilation of the 
lungs, occurs but is usually brief. 
Department of Anaesthesia, J.C. COGHILL 
Plymouth General Hospital, 

Plymouth, PL4 8QQ 
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Anotker harard of heated water humidifiers 


The use of two very good items of equipment together, 
namely the Siemens Servo-900C and the Bennett 
Cascade 2 Humidifier, for heated vapour humidifica- 
tion in ventilated patients was not questioned until we 
recently observed that the humidifier alarmed during 
patient system disconnexions to allow tracheal suction. 
This was only during use of the ventilator in pressure 
controlled modes such as continuous positive airways 
pressure (CPAP), and did not occur during volume 
controlled ventilation. The patient inspired gas 
temperature alarm showed overheating and indeed 
the flow of gas ‘felt hot. The combination of these 
two items of equipment used in this way was therefore 
considered to be unsafe and a heat and moisture ex- 
changer was substituted for the heated vapour supplier, 
whereupon no further problems occurred. 

In view of the potential thermal injury hazard to the 
patient’s airway, a test rig was set up which consisted of 
a Siemens Servo-900C ventilator and a Bennett 
Cascade-2 Humidifier, running together at a room 
temperature of 22°C for one and a half hours, with 
settings of 10 breaths/minute, 3 litres/minute volume, a 
working pressure of 6.0 kPa, inspiratory time and 
inspiratory pause times of 25 and 10% of the respiratory 
cycle, 2.0 kPa trigger sensitivity below PEEP, and a 
PEEP of + 0.5 kPa. Separate thermocouples measured 
the temperatures of the water bath of the humidifier and 
of the patient end of the inspiratory system 45 cm 
proximal to the test lung. The length of the adult 
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disposable plastic patient tubing was 110 cm from the 
humidifier to the temperature probe. Flow of gas 
through the system on disconnexion from the test lung 
was measured with a simple respirometer. The dis- 
connexion flow was 53 litres/minute and was indepen- 
dent of whether the ventilator working pressure was 5, 
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6, or 7 kPa. On disconnexion and within 10 seconds, the 
humidifier patient temperature alarm sounded and 
switched the heater off. The temperature of the water 
bath before disconnexion was 59.4°C, and at the patient 
end of the system 34.2°C (as set). The rise in the patient 
system temperature and the time taken to fall to 40°C 
is illustrated in the Figure. Even though the water bath 
heater switched itself off in under 10 seconds it took 5 
minutes for the patient system temperature to fall to 
40°C. 

Neither item of equipment was found to be mal- 
functioning. The large flow of gas in this ventilation 
mode on disconnexion has the unfortunate effect of 
carrying away an appreciable amount of thermal energy 
from the heat reservoir of the water bath. This problem 
could be avoided by occluding the patient end of the 
system during disconnexion or switching to a volume- 
controlled mode, but we felt that the potential for upper 
airway thermal damage (especially with children) on 
reconnexion made this system of humidification un- 
desirable. We now only use heat and moisture ex- 
changers (HMEs) with the Siemens ventilator. 

The effectiveness of HMEs in mimicking the normal 
humidification processes of the upper airways, and the 
potential advantage of having a combined bacterio- 
logical filter within them is well known.’~* In our 
experience there has been no difficulty in obtaining 
tracheal aspirate nor evidence of tenacious secretions 
due to the use of HMEs in adults. In small children, 
regular tracheal instillation of 0.5 ml of physiological 
saline every 0.5-1 hour in addition has been found to be 
beneficial. Therefore, because of the potential thermal 


injury hazard with heated vapour suppliers outlined 
above we have now relegated their use to that with 
simple minute volume divider ventilators. We recognise 
that some ventilators which produce much lower flow 
rates of fresh gas on disconnexion are in common use 
in paediatric areas and thus allow large losses of heat to 
oceur in the patient system with little rise in tem- 
perature at the patient system with little rise in tem- 
perature at the patient end. What are others’ ex- 
periences of this? Are we over-reacting? Why are such 
heated vapour suppliers still in such common use, 
especially in paediatric and special care baby units? 
With the advent of smaller neonatal sized HMEs, will 
this last bastion fall? 


H.S. SMITH 
R. ALLEN 


Hinchingbrooke Hospital, 
Huntingdon, 
Cambridgeshire, PE 18 8NT 
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Indection agent sensitivity and ophthalmoplegia plus 


A 19-year-old patient who weighed 76 kg and was 1.72 m 
tall recently presented for surgery to correct his 
squint. He had a 4-year history of progressive external 
ophthalmoplegia (PEO) with marked bilateral ptosis 
and marked right divergent squint. There was some 
peripheral pigmentation of his retinae, a pulse rate of 
45/minute (he did not take athletic training) and an 
unusual, non-specific intraventricular conduction 
pattern on the ECG. It was considered that he was 
suffering from ophthalmoplegia plus, probably of a 
Kearns-Sayre type (PEO, retinitis pigmentosa and 
heartblock).! 

Premedication was with 2 mg levorphanol and 0.4 mg 
hyoscine intramuscularly. He was brought to theatre 
and given intravenous atropine 0.6 mg. In view of my 
previous experience of sensitivity to thiopentone in a 
case of ophthalmoplegia plus,? anaesthesia was induced 
with etomidate intravenously. The lash reflex was lost 
after 4 mg had been given slowly. Intravenous sux- 
amethonium 100 mg was used to facilitate tracheal 
intubation. The patient then breathed spontaneously 


from a circle absorber system with 2% halothane. The 
operation was uneventful. 

The recommended induction dose of etomidate is 0.3 
mg/kg; this would have given a total dose of 23 mg 
which is more than five times that which was required. 
Premedication had been with normal doses in relation 
to the patient’s weight. This patient was not taking any 
medication unlike the previous reported patient. 

Undue sensitivity to two different anaesthetic 
induction agents suggests that, in this condition, all 
induction agents should be used slowly, in small dosage. 


Leicester Royal Infirmary, R.H. JAMES 


Leicester LEI SWW 
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A modification of the linear analogue 


The linear analogue is recognised as an acceptable 
method of rating pain or anxiety and its reliability for 
evaluating pain was established by Revill ef a/.! The 
technique involves the use of a straight line 10 cm in 
length. One end of the line represents absence of pain 
(anxiety) and the other end the maximum pain (anxiety) 
the patient can imagine. The patient expresses the pain 
(anxiety) he has by making a perpendicular mark on the 
line. 

We used the linear analogue to study the effect of oral 
lorazepam on pre-operative anxiety. Our patients, who 
were mostly women from rural areas, had little or no 
formal education and found it very difficult to express 
their anxiety by means of the linear analogue used in the 
conventional manner. They were, however, able to 
express their anxiety by drawing a line from the zero 


mark parallel to the printed 10-cm line. The length of 
the line they drew represented the extent of their anxiety 
and provided a scale value for comparison. 

It would seem that for a semiliterate population, this 
modification of the conventional linear analogue offers 
more reality. 
General Hospital, J.P. JAYASURIYA 
Kalutara, 

Sri Lanka 
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Pass rates in the final FFARCS examination 


Dr Grant (Anaesthesia, 1985; 40: 823-4) draws 
attention to the decrease seen since 1977 in the pass rate 
for the final FFARCS examination. The accompanying 
figure shows that this is not a recent phenomenon. Early 
in the 1970s, pass rates approached 50%; in 1985 the 
overall rate was less than 25%. 

It is perhaps more useful to look at the overall num- 
bers of new fellows. From 1971 to 1975 there were 927 
passes; from 1976 to 1980 these were 1018 and from 
1981 to 1985, 1104. An expansion still, despite the 
falling pass rate. 

Dr Grant suggests four reasons why the rate is 
declining. First, he suggests that the standards of 
candidates is falling. This is difficult to prove or 
disprove; my impression is that the standards of new 
entrants into anaesthesia is improving. His second 
reason is that training throughout the country is failing 
to keep up with the increased knowledge required for 
the examination. This is possible. Certainly most 
departments are experiencing an increase in the service 
work and in the complexity of that work. This could 
reduce teaching. One measure can, however, lead to a 
rapid improvement in the training needed to pass any 
examination. The local tutors should attend the 
examinations, as is their right, since the view from the 
side of the green baize differs from that of the can- 
didates and of the examiners. 

Thirdly, he suggests that the standard for the 
examination is being raised deliberately, in order to 
regulate the number of candidates applying for senior 
registrar posts. This I can refute. As an examiner for the 
last 7 years, I have never had any instruction about the 
number of successful candidates and I doubt if any 
examiner has, or if any could accept, such an instruc- 
tion. Standards are rising certainly; knowledge of 
anaesthetic physiology, pathology and pharmacology 
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grows each year and candidates and their teachers 
should keep abreast of what is going on. 

Dr Grant's last point is a question as to whether the 
final FFARCS should be the mechanism regulating 
entry into the higher grades. It seems ineffective at the 
moment, when each post attracts up to forty or more 
applicants. However, we are not yet approaching the 
problem seen in general surgery, in which discipline it 
was found that of 66 applicants for a senior registrar 
post, 57 had undertaken full time research and 24 had 
a degree or diploma such as an MS as well as the 
fellowship. 
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It is my belief that the FFARCS should be regarded 
as a guarantee to the public that its holder has the 
knowledge to deliver a high standard of anaesthetic care 
and has the ability to improve that standard over the 
rest of his career. It is an international standard and 
should not be looked on only in terms of staffing 
hospitals in the United Kingdom. 

Whether it should have two or three parts is a matter 
that time will decide. 


Shackleton Department J. NORMAN 
of Anaesthetics, 
The General Hospital, 


Southampton SO9 4XY 
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A computer-generated guide for paediatric anaesthesia 


For many years we have been calculating fresh gas flow 
rates, drug doses and the parameters required for fluid 
management before induction of anaesthesia in our 
paediatric patients. This has been recommended by 
others! and is sound practice since it provides guidelines 
and avoids potentially disastrous miscalculations, 
which may be made under stress in the operating room, 
especially by persons unfamiliar with the necessary 
formulae. Three years ago the process was computer- 
ised to produce a worksheet for everyday use. It has, in 
the light of experience, been updated and modified to 
produce a simple clear print out which has been widely 
and enthusiastically received by our consultants, 
registrars and nurse anaesthetists. 

We noted with interest the publication by Kraemer 
and Stead,? but consider their resulting print out too 
detailed and possibly confusing for routine use, 
especially for those who do not manage paediatric cases 
on a daily basis. Because of the special requirements of 
the neonate, the operator may select a worksheet for 
patients under 30 days of age, or one for infants and 
children up to 30 kg body weight. This provides 
guidance about tracheal tube sizes, fresh gas flow rate, 
initial and incremental dosages of drugs, fluid and 


blood replacement, anticipated urinary losses, and 
resuscitative regimens. The required variables are the 
patient's name, age, weight, hours with oral intake and 
haematocrit. We use an Apple II c computer with 128K. 
RAM, a single disk drive and a printer placed in a 
convenient location within the operating suite. The 
program is available on diskette in Applesoft Basic and 
in advanced Basic on diskette (MS DOS 2.0 or higher) 
for use with an IBM PC or compatible computer. It is 
also available on a tape cassette in Radio Shack Basic 
for use with their TRS80 Model PC2 pocket computer 
with printer. (IOK RAM) Enquiries should be ad- 
dressed to the author. 
Department of Anesthesiology, E.C. BLOCH 
Duke University Medical Center, 

Durham, North Carolina 27710 U.S.A. 
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Modification of laryngoscope for nasogastric intubation 


Dr Campbell and Dr Millar’s description (Anaesthesia 
1985; 40: 703-4) of a laryngoscope blade modified to aid 
nasogastric tube insertion in the intubated patient was 
interesting since I also had reflected on the need for such 
an instrument, but hit upon a different solution. 

This manoeuvre (insertion of a nasogastric tube in an 
intubated patient) is a stimulating procedure, often 
associated with a marked pressor response in the 
patient, which is potentially detrimental in the high risk 
patient. The problem is not only to obtain a direct view 
of the oesophageal opening, but also to have enough 
room to manipulate using Magill’s forceps to advance 
the nasogastric tube past that part of the oesophagus 
partially compressed by the inflated tracheal cuff. Good 
conditions enable the manoeuvre to be performed as 
quickly and deftly as possible. 

With the Campbell and Millar modification, al- 


though the view may be good, space for manipulation 
with Magill forceps is limited because the tracheal tube 
sits on the right side of the oropharynx. If the tongue 
and tracheal tube are pushed to the left side of the 
oropharynx, the conventional Macintosh blade flange 
is too narrow to hold them both, and the view is often 
blocked when the tongue falls off the blade. My solution 
to the dilemma is to widen the Macintosh blade 
flange. 

The blade is tapered, and is one centimetre wider than 
usual where the bulk of the tongue sits, and is narrow 
where a good view is required, at the oesophageal end. 
The flange width at the dental end is unchanged. There 
is no greater risk of oral trauma. The wider flange keeps 
both tongue and tracheal tube out of the way, and gives 
a good view and plenty of space for manipulation with 
forceps. Several colleagues have used this blade and 


Correspondence 219 





commented favourably on its ease and convenience. 

The new shape blade was made up in the Engineering 
Department, and it was not necessary to move or alter 
the light source. 


FIONA MCWHINNIE 


Department of Anaesthesia, 
Royal Perth Hospital, 
Perth, 

Western Australia 6001 


A mistaken case of hypersensitivity to a local anaesthetic 


A 20-year-old full term, gravida two lady, with a history 
of atopic asthma was admitted in spontaneous labour. 
She had had an epidural analgesia with bupivacaine 3 
years previously, without any problems. Her drug 
therapy included salbutamol inhalation as required. She 
had been in hospital, in the past, for status asthmaticus 
and had required steroids but not intermittent positive 
pressure ventilation of her lungs. There was no evidence 
of bronchospasm. 

Syntocinon infusion was started to augment labour 
and epidural catheterisation was performed 150 min- 
utes later for pain relief. A test dose of 4 ml bupivacaine 
0.5% plain was followed by another 4 ml. Good pain 
relief was achieved. A further top-up of the same drug 
was administered 90 minutes later. Forty minutes 
following the second top-up marked urticaria appeared 
on her forearms and rapidly became generalised. She 
developed marked bronchospasm and complained of a 
constricting feeling in the neck which suggested 
laryngeal oedema. Syntocinon was discontinued and no 
further bupivacaine was given, in case either of these 
drugs were responsible for the patient’s allergic 
response. Hydrocortisone 300 mg and chlorphenir- 
amine 10 mg were administered intravenously. The 
bronchospasm was relieved completely by inhalation of 
two metered doses of salbutamol (200 mg). Hypo- 
tension did not occur, although transient fetal brady- 
cardia was recorded. The urticaria improved over the 
next 60 minutes. Analgesia was provided by Entonox 
and she had an uneventful delivery and puerperium. 

Later, it was revealed that a change of midwife 
occurred just before the patient developed broncho- 
spasm and urticaria. This midwife admitted to having 


a pet dog at home. The patient reported an episode 
following contact with dog hair 2 years previously, for 
which she was admitted to hospital. She had also 
received local anaesthetic injections in the past for 
dental surgery but did not have any reaction. Dif- 
ferential count on the next day showed 2% eosinophils. 

Four weeks later, intradermal and patch tests were 
performed on the patient. The patient showed a marked 
sensitivity to dog, cat and horse hair, pollen and 
feathers. She did not show any skin reaction to 
bupivacaine (Marcain), lignocaine or syntocinon. 
Serum IgE, IgA, IgE and IgM levels were within normal 
limits. The patient was told that she was not allergic to 
bupivacaine and lignocaine and reassured that she 
could have epidural analgesia during a future labour. 

True allergy to local anaesthetics is rare, but there are 
many recorded cases of hypersensitivity to them.’~> We 
could find only one established case of bupivacaine 
hypersensitivity.4 Allergy to syntocinon is extremely 
rare but there is one reported case.* 

There are two lessons to be learnt from this case. 
Firstly, if proper circumstantial evidence (the allergy to 
dog’s hair and the presence of the midwife with a pet 
dog at home) was enquired for, the patient could have 
had the benefit of epidural analgesia throughout the 
labour. In this case, it was abandoned once the reaction 
occurred. Secondly, if the patient had not been tested by 
intradermal testing, she would have been falsely labelled 
‘allergic to bupivacaine’. 


Y. MEHTA 
M.C. LUXTON 


Department of Anaesthetics, 
University Hospital, 
Nottingham NG7 2UH 
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Ulnar nerve stimulation in the thick arm 


Dr Hunter and her colleagues (Anaesthesia 1985; 40: 
916) raise an interesting point about stimulation of the 
ulnar nerve in the forearm of oedematous, and also in 
obese or muscular, patients. The use of needle elec- 
trodes might conceivably result in direct stimulation of 
the muscle or damage to the nerve. My practice in this 
circumstance is to connect the positive electrode of the 
neurostimulator to a paste electrode over the medial 
epicondyle, rather than to the orthodox position of the 


wrist region. The ulnar nerve passes in close proximity 
to the electrode at the elbow and the response of the 
muscles, if it is to be seen at all, is good. 


Department of Anaesthesia, D.A. Cozanms 
Helsinki University Central Hospital, 
SF-00290 Helsinki 29, 


Finland 


Failure of injection during attempted spinal anaesthesia 


Difficulties may be experienced at several stages during 
attempted spinal anaesthesia. We would like to report 
a previously unrecorded problem encountered while 
performing a spinal anaesthetic. 

A 36-year-old primigravida with a past history of an 
ectopic pregnancy presenting for lower segment 
Caesarean section requested epidural anaesthesia. 
Unfortunately, this proved unsuccessful after a total 
dose of 27 ml 0.5% bupivacaine (135 mg) had been 
given. The patient wanted to be awake for the birth of 
her child so it was decided to proceed with spinal anaes- 
thesia. A 25-gauge, 6.3 cm disposable spinal needle was 
inserted at the L3 -4 interspace. At approximately 6 cm 
a click was felt and the introducer was removed. Clear 
fluid slowly filled the hub of the needle but did not 
spontaneously drip any further. A 2-ml syringe contain- 
ing 1.5 ml heavy cinchocaine (7.5 mg) was attached to 
the needle hub. Clear fluid was easily aspirated 
through the needle which mixed with local anaesthetic, 
80 injection of the local anaesthetic was attempted but 
proved impossible despite firm pressure being applied 
to the syringe. 

The needle was then rotated through 180°, and 
although aspiration through the needle was still pos- 
sible, injection through the same needle was not. The 
patient had no paraesthesiae, so the introducer was 
reinserted and the needle advanced a further 1-2 mm. 
When the introducer was removed, clear fluid dripped 
slowly from the needle hub, but on attaching the 
syringe, injection of local anaesthetic again proved 
impossible. The needle was again rotated through 180°, 
but despite the aspiration of clear fluid, injection 
through the needle remained impossible. The spinal 
needle was then replaced and spinal anaesthesia via the 


new needle was achieved without any problems. This 
produced a sensory block to T, and the operation was 
successfully performed. 

When the first needle was attached to another syringe 
it was again possible to aspirate air through the needle 
but attempted injection remained impossible. Examina- 
tion of the bevel of the needle failed to reveal any 
abnormality, and examination of the needle lumen 
viewed through the needle hub showed it to be patent. 


A v 


Aspiration Injection 


Fig. 1. Mechanism of “ball valve’ effect due to blood clot during 
attempted injection through a spinal needle. 


f 


Close examination of the inside of the needle hub 
revealed a small pedunculated blood clot adherent to 
the side of the needle (Fig. 1). 

The problems with aspiration of, or injection into, the 
cerebrospinal fluid (CSF) during spinal anaesthesia, 
once the dura has been penetrated, are usually due to 
occlusion of the spinal needle by dura or by one of the 
nerve roots of the cauda equina.'~? This, however, 
usually presents as difficulty with aspiration of CSF 
rather than difficulty with injection of the local 
anaesthetic agent, and is usually overcome by twisting 
the needle through 180° and/or advancing it slightly.? 

The repeated ease of aspiration but difficulty with 
injection suggested a ball valve effect, but any problem 
with the needle itself appeared unlikely because of the 
repeated passage of the introducer through the needle. 
The only explanation, however, is that a ball valve effect 
was due to the pedunculated blood clot present in the 
needle hub, which occluded the needle during injection 
but was free during aspiration. The blood clot appeared 
to be adherent to the inside wall of the needle hub as 
shown in Fig. 1, and so was not dislodged by the inser- 
tion of the introducer. ~ 

The only other cause of difficulty with injection after 
easy aspiration of CSF apparent from a review of the 
literature, involved a patient whose CSF had been 
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contaminated with Pantopaque® (isomers of ethyliodo- 
phenylundecolate) used for a myelogram 18 years 
previously. It was thought that the radiological dye 


-~ reacted with the rubber in the plunger of the syringe and 


made injection difficult after straightforward aspira- 
tion.* 

In view of the increasing use of fine bore needles for 
spinal anaesthesia, the pattern ofa ball valve effect from 
small blood clots should be considered as a cause of 
difficulty with injection into the CSF. 

N.C.T. WILTON 
T.S. BROWN 


Shackleton Department of 
Anaesthetics, 

Southampton General Hospital, 

Southampton SO9 4XY 
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Tracheal administration of drugs 


The tracheal use of drugs in cardiopulmonary re- 
suscitation was first studied in 1967! and is mentioned 
in both the 1974 and 1980 American Heart Association 
Standards for Cardiopulmonary Resuscitation and 
Emergency Cardiac Care. At present, the tracheal use 
of resuscitation drugs (atropine, adrenaline, lignocaine) 
is recommended in situations where it is not possible to 
establish any peripheral or, preferably, central venous 
access. Such situations arise primarily in management 
of patients outside hospital by paramedical personnel in 
North America, and also, for example, in small children 
or the obese. The tracheal route may be considered to 
be safer than intracardiac injection and the subject has 
recently been reviewed.? 

The letter by Berlot et al., about the use of naloxone 
in cardiorespiratory arrest (Anaesthesia 1985; 40: 819) 
is of interest, but we fail to understand their choice of 
the tracheal route for the administration of the drug. 
The patient described in the case report was suffering 
from haemorrhage as a result of ruptured oesophageal 
varices. Peripheral venous access was present and 
naloxone, if indicated, could have been given by this 
route, or preferably by a central venous line which 
would be essential for the successful management of 
such a patient. Too little information is given about the 
second patient described to allow comment. 

The technique of tracheal drug administration has 
been investigated.*** Drugs should be diluted in not 
more than 10 ml of normal saline and delivered so as to 


be dispersed as distally as possible in the lung. Jones and 
Bray (Anaesthesia 1985; 40: 921) suggest a Portex 
remote injection catheter, but we have found this is 
difficult to pass and it curls up within the tracheal tube. 
An epidural catheter is satisfactory but a small bore 
suction catheter is a cheap and ready alternative. These 
can be passed through a Portex 15 mm Fibreoptic 
Bronchoscope Swivel connector. In North America, a 
catheter spray device is commercially available. Follow- 
ing installation 5-10 forceful rapid ventilations are 
necessary to aid dispersion to both lungs* and rapid 
absorption. 


M.B. TAYLOR 
D.A. ZIDEMAN 


Hammersmith Hospital, 
Ducane Road, 
London, W12 OHS 
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Topical lignocaine after tonsillectomy in children 


Tonsillectomy in children is a painful, sometimes 
traumatic, procedure. We wondered if topical analgesia 
of the tonsillar bed would provide pain relief in the 
immediete postoperative period before systemic anal- 
gesics became effective. This would avoid the sup- 
pression of the cough reflex due to narcotics 
administered intra-operatively. There are reports of 
surgeons infiltrating the tonsillar bed with local anaes- 
thetic,! but no reports have been found of the use of 
topical anaesthesia. Forty-nine children, listed for ton- 
sillectomy and in most cases adenoidectomy, were 
divided into two groups on a random basis. The 
children all had a standard anaesthetic without 
premedication, induction with thiopentone and sux- 
amethonium or halothane followed by tracheal in- 
tubation and maintenance with nitrous oxide, oxygen 
and isoflurane. No other drugs were administered intra- 
operatively. Laryngoscopy was performed after the 
operation, so that the pharynx and larynx could be 
cleared of blood and secretions. The patients in the first 
group had the tonsillar beds sprayed with 10% 
lignocaine spray to a total dose of 2 mg/kg. The patients 
in the second group were not sprayed and acted as the 
control group. 

The children were taken to the recovery room after 
tracheal extubation and were assessed by one of the two 
investigators who were unaware to which group the 
patients belonged. Assessment continued over the first 
15 minutes. Each patient was observed for restlessness, 
coughing and stridor. Each modality was judged as 
absent, mild, moderate or severe. A score of zero was 
given if the modality was absent and three if severe. The 
maximum score was therefore nine. The results were 
statistically analysed using the Chi square test. 

Pain in children is difficult to assess, as in most cases 
it is impossible to achieve the co-operation required to 
use the linear analogue for evaluating pain? A 
questionnaire for scoring pain was initially used but this 
proved impractical. It was therefore decided to 


evaluate pain and discomfort on a global scale, using 
the degree of restlessness as a guide. Systemic absorp- 
tion of the lignocaine might also have an effect in the 
reduction of stridor and laryngospasm after extubation 
since it is known that, when administered intravenously, 
lignocaine may have this effect.+ j 

Codeine or pethidine was nearly always administered 
intramuscularly to the children in the recovery room. 
The peak effect after intramuscular injection is usually 
15-30 minutes after administration, so this was unlikely 
to be effective over the period of assessment. 

The results show that there was a significant dif- 
ference between the two groups (p<0.02) with regard 
to restlessness, but no significant difference between the 
groups with regard to stridor or coughing. It would 
therefore seem apparent that 10% lignocaine spray, 
when administered topically to the tonsillar bed 
following surgery, is effective in the reduction of general 
discomfort of the patient in the immediate post- 
operative period. It does this without impairing reflex 
protection of the airway. 


ALISON WILLIAMS 
A. HAMILTON 


Royal Gwent Hospital, 
Newport, 
Gwent, NPT 2UB 
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Labelling of drugs 


It was with interest that I read Dr Rendell-Baker’s letter 
(Anaesthesia 1985; 40: 912-3). When drugs are to be 
administered to a patient, it is the clinician’s duty to 
check that he is giving what he thinks he is giving before 
he does so. User-applied labels on syringes maintain the 
identity of a drug, once drawn up and, for this purpose, 
plain labels with conspicuous lettering will suffice. 

It might be more sensible if ampoules were of a simple 
uniform design, with large lettering to identify the 


contents. Complexity breeds mistakes and coloured 
labels necessitate colour vision. Simplicity may go some 
way to ensure labels are read and unfortunate accidents 
avoided. 


Department of Anaesthetics, M.J.A.PARR 
University College Hospital, 


London, WCIE 6AU 


Hazard from the oxygen flush control 


Signs of light anaesthesia and unwanted PEEP were 
observed during an intra-abdominal procedure on a 


child, when a coaxial Mapleson E system and mech- 
anical ventilation of the lungs were in use. Rotameter, 
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vaporizer, and ventilator settings, breathing system 
connexions and end-tidal CO, readings were checked 
and no fault was detected. On disconnecting the fresh 
gas tubing from the swivel outlet of the Boyle’s 
machine, however, an unexpectedly high gas flow was 
delivered. One immediately suspected the oxygen flush 
device which was found to be stuck in a partially open 
position, despite not having been turned axially to its 
locking position. The knob was pulled out to its normal 
‘off position and the anaesthetic proceeded unevent- 
fully. 

On subsequent examination it was found that the 
spindle of thè oxygen flush device had been bent 
(Fig. 1), presumably due to an impact sustained while 
moving the machine. As a result, moderate pressure on 
the knob caused it to remain in a partially open position 
(Fig. 2), owing to binding of the spindle. In the latter 


position, oxygen flow was measured at between 20 and 
30 litres/minute, which accounted for the light anaes- 
thesia and undesired PEEP. Detection of the fault 
condition would have been aided by use of an oxygen 
analyser in the breathing system. 

The oxygen flush device of a Medishield Boyle's 
machine would seem to be particularly liable to this type 
of damage. The hazard could be eliminated by a re- 
design of the device, by transfer to a less vulnerable 
position. Furthermore, it would seem prudent to 
include a simple check of oxygen flush function as a 
conclusion to one’s routine safety tests of Boyle’s 
machines before use. 
Department of Anaesthetics, N. PUTTICK 
University Hospital of Wales, 

Cardiff, CF4 4XW 


A tunnelling technique for central renons catheters 


The technique and advantages of subcutaneous tun- 
nelling have been demonstrated’ ~* and tunnelling of 
central venous catheters has thus become a common 
procedure. We routinely use Vygon Nutricath-S 
catheters inserted via the subclavian route for per- 
cutaneous central venous access and parenteral 
nutrition. If the introducer supplied with the catheter is 
used in the conventional way to form a subcutaneous 
tunnel, catheter puncture or transection may result, 


devices used for epidural catheters have been employed 
to overcome this problem.’ We have modified our 
technique to avoid catheter trauma whilst using the 
introducer provided with the catheter. 

Subclavian puncture is performed through a small 
skin incision and the catheter inserted in accordance 
with the manufacturer’s instructions. A subcutaneous 
tunnel 8-10 cm long is formed by inserting the intro- 
ducer needle through the skin incision and directing it 





away from the catheter towards the intended cutaneous 
exit site (Fig. 1). The introducer sheath is then inserted 
in a retrograde manner over the needle (Fig. 2). The 
needle is removed and the catheter is passed through the 
external sheath (Fig. 3). The Luer lock connector is 
attached to the catheter and the skin incision closed 
with a suture (Fig. 4). 

This technique avoids catheter trauma and requires 
no additional equipment. We hope others will find it 
useful. 
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Dilating suxamethonium 


There is a potential problem inherent in the common 
practice of dilution of suxamethonium before use, for 
example, in paediatrics or for a suxamethonium 
infusion. 

During a recent all-day list, I prepared two dilute 
‘stock’ solutions of suxamethonium (10 mg/ml), each 
prepared by adding 2 ml of suxamethonium (Anectine; 
100 mg) stored in the refrigerator, to 8 ml saline stored 
at room temperature. The first patients after lunch, a 
child weighing 18 kg, needed tracheal intubation with 
suxamethonium and, since there was some of the morn- 
ing stock solution left, it was inadvertently used. After 
a thiopentone induction, 30 mg suxamethonium was 
injected intravenously. There was no relaxation, and the 
child continued to breathe spontaneously. A further 30 
mg suxamethonium was injected, again with no effect; 
the stock solution had worked perfectly well, as judged 
clinically, during the morning list. The child’s trachea 
was therefore intubated during spontaneous ventilation 
of nitrous oxide, oxygen and halothane and a new stock 
solution (10 mg/ml) was made up using a ‘fresh’ 
ampoule from the same packet of suxamethonium used 
previously. A further 30 mg of suxamethonium was 


then injected intravenously through the same cannula, 
whereupon the child was promptly paralysed. 

It was concluded that the suxamethonium used to 
make the morning’s stock solution had been inactivated 
by standing for 5 hours at room temperature and that 
this process was hastened by dilution with saline stored 
at room temperature. It seems likely, therefore, that the 
tachyphylaxis occasionally encountered when using a 
suxamethonium infusion (1 mg/ml) is due, at least in 
part, to some degree of inactivation caused by warming, 
particularly if the suxamethonium is diluted with saline 
stored at room temperature, as is usually the case. 

When suxamethonium is diluted to facilitate correct 
dosage in children, then ampoules of cold saline should 
be used. However, when suxamethonium is diluted for 
use as an infusion it is then, unfortunately, undesirable 
to use very cold saline in view of the volume to be used. 
A compromise is necessary and, in practice, saline 
stored in a cool place is generally quite adequate. 
Department of Anaesthetics, R.W.D. NICKALLS 
Newcastle General Hospital, 

Newcastle-upon-Tyne, NE4 6BE 


Rough and ready 


A recent experience in connexion with direct arterial 
blood pressure monitoring may be of interest to readers. 
No devices for continuous infusion of arterial cannulae 
were available (the last one had been used the day 
before) and so, rather than abandon the method, the 
following procedure was adopted. A knot was tied in 
the tubing from the reservoir of heparinised saline and 
this was connected to one limb of the three-way tap, the 
other two attached to the pressure transducer and to the 
cannula in the patient’s radial artery. The infusion bag 
was pressurised to 300 mmHg, the knot pulled tight and 
the customary roller valve used to slow the flow rate to 


a rate which approximated to that normally allowed by 
the commercial device. 

In the best of all possible worlds one never exhausts 
the supply of important pieces of equipment but in this 
case the patient with multiple injuries and direct 
thoracic injuries was saved from further damage from 
frequent arterial punctures and had the benefit of 
continuous monitoring. 


Dunfermline and West Fife Hospital, K. BIRKINSHAW 
Reid Street, 
Dunfermline KY12 7EZ 
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Resuscitative skills 


Dr Barcroft is to be congratulated on drawing attention 
to she deficiencies in resuscitative skills of young house 
officers and nurses and for his suggested remedy of 
supervising them in bag and mask ventilation of 
surgical patients prior to intubation in the anaesthetic 
room (Anaesthesia, 1985; 40: 1015-6). May I suggest 
that the ideal list on which such teaching can be 
practised, of course under the expert guidance of the 
anaesthetist, is the E.C.T. list. In patients undergoing 
this form of treatment, the management of apnoea 
following the injection of the induction agent and the 


relaxant, before the application of the current, and then 


after the convulsion until adequate ventilation is fully . 


restored, offers an excellent opportunity for this form 
of teaching bag and mask ventilation to young doctors 
and nurses. It also adds to the interest of what may 
otherwise be a rather routine session. 


Department of Anaesthetics, J.A. Lee 
Southend Hospital, . 


Southend SSO ORY 
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A Calculus of Suffering 227 
M.S. PERNICK 


Care of the Postoperative Surgical Patient 227 
Edited by J.A.R. SMITH AND J. WATKINS 


A Calculus of Suffering 


M.S. Pernicx. Pp. 421. Columbia University Press, 


1985. US$45.5 


` Following Morton’s demonstration that the inhala- 
tion of ether vapour could prevent the pain of operative 
surgery, it is well known that news of the discovery 
spread rapidly and widely. Yet this event did not lead 
to an end of suffering during every operation of any 
magnitude for many years. This point has, of course, 
been made before. It is, nevertheless, chilling to the 
modern reader to learn that as late as 1873 amputations 
of the leg were undertaken without the use of an anaés- 
thetic by a New York surgeon who had, over the 
previous 26 years, used anaesthesia, but only in selected 
cases. 

Amongst the several great merits of Mr Pernick’s 
scholarly work is the notable thoroughness with which 
he has explored the medical profession’s attitudes to the 
use of anaesthesia and, indeed, the more general 
question of its attitudes to suffering during the nine- 
teenth century in America. He analyses how these 
attitudes changed as industrialisation progressed, social 

. and cultural values altered and advances in medicine 
fundamentally transformed understanding of disease. 
But his canvas is even broader and he takes account of 
matters such as the influence of the geography of 
America and the extraordinary vitality and courage 
of the pioneers of that great country. 

There are many fascinating insights. An example 
concerns the conception of what constituted ‘minor 
surgery’ at that time. We are informed that, as late as 
1885, procedures such as amputations of the fingers and 
toes, and operations on the eye and on the anus were 
regarded as too minor to warrant anaesthetisation for 
their performance. 5 

Some notions, conventional to the European, may 
need to be reconsidered in the light of the evidence 
presented here. In a thoughtful analysis of contempor- 
ary records, the belief (in America at least) that the use 


Opioids in Anaesthesia 228 
Edited by F.G. Estafanous 
600 MCQsz in Anaesthesia: Basic Sciences 228 


P.J. SIMPSON AND N.W. GOODMAN 


of anaesthesia to make possible an increasing number 
of operations led to an increase in death rate, as a result 
of infection and shock, is challenged. The author 
appraises the influence on death rate of the increase in 
the numbers of accidents associated with the inexorable 
march forward of industrialisation, and of the extension 
of surgery to patients earlier considered for various 
reasons—gender, ‘age, social class, for example— 
unsuitable for anaesthetics. These perceptions intro- 
duce questions about the validity of the more ‘obvious’ 
explanations for increase in the death rate. 

Again, did the need for surgery for the great numbers 
of casualties of the mid-century wars make for a readier 
acceptance of anaesthesia in America or, indeed, in 
Europe? The answer may prove to be in the affirmative, 
but to a lesser extent than some of us hitherto thought.’ 

There is so much of interest and importance to be 
found in this distinguished work that few students of the 
roots of our specialty, or of medical history in general, 
could fail to derive pleasure, gain knowledge or find 
food for rumination. Some idea of the breadth and 
depth of Mr Pernick’s work is conveyed by the fact that 
the appendices, the notes relevant to each page of text 
and the very extensive and broad bibliography, in all, 
amount to some 150 pages. 

This study of how profoundly the discovery of anaes- 
thetics affected the profession and its patients in nine- 
teenth century Britain would be valuable in itself and 
might well unearth a very different story. 

J.E. RIDING 


Care of the Postoperative Surgical Patient 


Edited by J.A.R. SMTH anp J. WATKINS. Pp. 273, 
Butterworth and Co., 1985. £33. 


This is a collection of sixteen interesting essays edited by 
a scientific immunologist and an ex-academic general 
surgeon. The immediate link between the two editors is 
location: they both work in Sheffield, but the sustained 
link, apart from their well-known excellence in their 
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own fields, must be an interest in the postoperative 
period. There are not many books on this subject and 
very few (possibly none) which consider the matters 
from so many different view points. One, therefore, read 
with considerable anticipation and interest. 

The book is divided, presumably related to the title, 
into five parts: immediate problems, fluid requirements, 
cardiavascular and pulmonary complications, infection 
and special situations. Each of the chapters deals with 
one subject, there is a little overlap and each auther is 
commiendably brief. The illustrations, tables, references 
and index are satisfactory. 

Clichés abound in book reviews written by those who 
try not only to be objective but also, at the same time, 
inoffensive and literary. For example, there is the 
ecclesiastical-shell-covered-ovum phrase, which is 
sometimes used about books to indicate that were a 
histogram of value/interest/relevance to be plotted 
against chapter number it would have a saw-tootbed 
shape. That description fits this book. Peaks are the 
chapters by Chariton, Bax and Woods, and Woodcock 
and Ledingham. Charlton, because he presents a 
characteristically forthright criticism of the current 
management of postoperative pain followed by a 
critical review of the literature on the newer analgesics 
and of the newer pharmaceutics of older analgesics. Bex 
and Woods, because they address the problem of inter- 
actions between many of the factors, which are 
important in the postoperative period and which are 
concerned with drug action, in a realistic and com- 
prehensible manner. Woodcock and Ledingham, 
because they write clearly about a subject of which they 
have considerable clinical experience: the respiratory 
complications of sepsis. 

There are troughs which will be apparent to the 
individual reader; their identity will, one suspects, 
depend on the specialty of the reader, but they are not 
confined to one discipline. The readership should be 
composed of post diploma anaesthetists and surgeons 
and the dook should be available in postgraduate 
libraries for them to read. There are a number of useful 
references, not only if you are about to operate in a 
hyperbaric chamber (special situations), but also if you 
are concerned about matters more mundane and 
relevant to the everyday care of patients. 

J.N. LUNN 


Oploids in Anaesthesia 


Edited by F.G. Estaranous. Pp. 318, Butterworth 
Publishers, 1985. £42.00 (hard cover). 


This book is the product of a two day symposium 
organised by the Cleveland Clinic Foundation in 1983. 
It comprises eight sections, each containing a number of 
chapters, ‘covering the following topics: backgrounds 
and concepts, composition, action and physiological 
effects, ultra-short acting opioids, short acting opioids, 
cardiovascular effects of opioid anaesthesia, use of 
opioids in cardiac anaesthesia, adjuvants to opioid 


anaesthesia and opioid anaesthesia and postoperative 
care. There are 79 contributing authors and a number 
of additional participants who contribute to the discus- 
sion at the end of the sections. 

Transposition of the spoken to the written word is 
difficult and the editor is to be congratulated on 
performing this task well. The text is nicely laid out and 
readable, and the illustrations, although few, are very 
clear. The shortness of some of the chapters, however, 
would indicate that there was some difficulty in per- 
suading al] the contributors to deliver their manuscripts 
on time. The disappointment in the book is really the 
contents, as most have concentrated on three drugs 
(fentanyl, alfentanil and sufentanil), their cardio- 
vascular effects and use in cardiac anaesthesia; the 
literature is already bulging with such information. As 
a result there is a considerable amount of repetition, e.g. 
‘Opioid Anesthesia for Valve Surgery’ is followed by 
‘The Value of Opioids in Valve Replacement Pro- 
cedures’. Opioid ‘anaesthesia’ obviously generates 
much emotion amongst those who practise this extra- 
ordinary technique, as judged by the discussions, and it 
was a joy to read Chapter 32 by Roizen, who concluded 
‘... that no data justify the belief that any narcotic or 
inhalational agent is superior in its effects on outcome 
when used for cardiac or vascular anaesthesia’. 

What an opportunity was missed to bring experts 
together to discuss the newest use of opioids in anaes- 
thesia, namely their direct spinal application. The time 
is ripe for such a meeting and yet it is only considered 
in three of the 53 chapters. This, therefore, is neither a 
book for the ordinary practising anaesthetist, nor 
indeed for departmental libraries, but would be 
valuable to those particularly interested in high dose 
opioids and their cardiovascular effects and who are 
prepared to be separated from £42 to own it. 

M. MORGAN 


600 MCQs in Anaesthesia: Basic Sciences 


P.J. SUAPSON AND N.W. GoooMan. Pp. 244, Churchill 
Livingstone, 1985. £7.95. 


The title describes this book accurately! It starts with an 
introduction which states clearly the purpose of 
multiple choice questions in general and that of this 
book. These questions in the FFARCS examinations 
are designed to test basic knowledge are not meant to 
confuse; this book has the same purposes. Students are 
warned in the preface against trying to argue the toss 
with the authors and, one supposes, this advice is 
directed to book reviewers as well. There are ten sets of 
questions, as papers, on many subjects. There is rather 
more physics and measurement than one would have 
anticipated but otherwise there seems to be a suitable 
mix. The discipline of private attempts at completion is 
both rewarding and revealing! The authors are to be 
congratulated; their book will stimulate and enlighten. 

JN. Lunn 
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Audiovisual reviews 


Nursing aspects of central venous pressure 
lines 229 

Graves Medical Audiovisual Library (VHS/Beta 
videocassette) 

Management of the adolt respiratory distress 
syndrome 229 

Oxford Educational Resources Ltd (Umatic 
videocassette) 


Nursing Aspects of Central Venons Pressare Lines 


By J.V. Daws (Kent and Canterbury Hospital). 
VHS/Beta videocassette. Colour. Buy from Graves 
Medical Audiovisual Library, Holly House, 22 New 
London Road, Chelmsford, CM2 9BJ. Ref. GVC 
22VE/BE. 15 minutes. (1984). 


This is a tapeslide presentation converted to video and 
is concerned with the nurse’s role in measuring central 
venous pressure (CVP). It is a simple presentation, 
outlining what a CVP measurement is, how the line is 
inserted and the various sites that can be used. It also 
shows the types of catheters used, how actually to 
measure a CVP with the correct positioning of the 
patient and the zeroing of the measuring scale. 

The method used to illustrate the insertion of the 
CVP line could have been better defined. The Seldinger 
technique was illustrated, but the role of the guide wire 
was somewhat confused. The author states that two 
nurses are required to scrub up in order to change the 
giving set and tubing—a procedure which is carried out 
every day. This would mean that a third nurse would 
have to open up packs, which would not make this a 
cost-effective exercise and I think is an unnecessary use 
of resources. 

The description of measuring the CVP was clearly 
and simply described. Some nurses are confused, when 
measuring CVPs, about the zero of the manometer and 
about the 3-way tap. This is clearly explained and 
illustrated and upper and lower limits of CVP measure- 
ments are given. 

The circumstances for more frequent recording or no 
recording at all are not mentioned. For example, if there 
is a sudden change in the patient’s clinical condition 
then the CVP should be recorded more frequently. On 
the other hand, the CVP should not be recorded during 
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coughing and the measurement is inaccurate when the 
filter at the top of the manometer column is wet. 

This is a useful item if it is used in conjunction with 
a practical demonstration for nurses of all grades. 


S. BOYLE 


Management of the Adult Respiratory Distress 
Syndrome 


By D.R. DANTZKER (University of Michigan). Umatic 
videocassette. Colour. Buy from Oxford Educational 
Resources Ltd., 197 Botley Road Oxford, OX2 OHE. 
30 minutes. (1982). 


This video presentation consists of a conversation on 
the topic of adult respiratory distress syndrome, illus- 
trated with a number of static diagrams. The pro- 
gramme is accompanied by a small booklet with 
multiple choice questions based on the material 
covered. 

The principal speaker gives a spirited account of the 
adult respiratory distress syndrome, covering those 
aspects of the pathophysiology which are useful in 
understanding the treatment offered, namely oxygen 
and its effects, artificial ventilation, positive end 
expiratory pressure, fluid management and inotropic 
support. The explanations given are succinct and, as of 
the date of publication of the video, up to the minute, 
although it should be noted that this was first published 
in 1982. The presentation goes along at a fairly brisk 
rate and the principal author gives an impression of 
great enthusiasm for his subject, unhampered by the 
fact that in the video he is lecturing with his left arm in 
a heavy plaster cast. The decision to use only static 
diagrams is perhaps a little disappointing with the video 
medium; however, the selection of the diagrams for use 
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is good and they adequately illustrate the author's 
comments. 

On the whole, this is a most worthwhile presentation 
and trainees in anaesthesia would derive considerable 
benefit from watching it, as would any others whose 
work may bring them to manage patients suffering from 
this distressing and intractable disorder. 

Potential users should note that the recording is made 
on American colour standard and an N.S.T.C. 
recordmg machine and monitor are both necessary 
to view this production in colour. 


W.G. ANDERSON 
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By G.D. Parsroox, P.D. Davis AND E.O. PARBROOK 


(Royal Infirmary, Glasgow). Tapeslide lectures. But or 
hire from Oxford Educational Resources Ltd., 197 
Botley Road, Oxford, OX2 OHE. (1985). 


New editions of the following 7 programmes are now 
available: 


Flow 2—Measurement and Injectors 
Diffusion and Osmosis 

Electrical Safety 

Blood Pressure Measurement I1—Non invasive tech- 
niques 

Blood Pressure Measurement 2—Invasive Techniques 
Gas Chromatography 

Oxygen Measurement 1 


t 
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Index of computer programs 


21.2.14 


Author E.C. Bloch (Department of Anesthesiology, 
Duke University Medical Center, Durham, North 
Carolina 27710 U.S.A.). 

Title A Computer Generated Guide for Paediatric 
Anaesthesia. 

Description The program is designed to calculate and 
provide individualised data for use during the 
administration of anaesthesia to paediatric patients. 
It provides guidelines for tracheal tube size, fresh gas 
flowrates for the Mapleson D System, initial and 
incremental dosages of drugs, fluid administration 
and blood replacement, and anticipated urinary 
losses. The operator may select a worksheet for 
neonates, or one for infants and children up to 30 kg 
body weight. It also provides resuscitation drug doses 
for bolus and/or infusion administration if requested 
by the operator. Required variables for input are the 
patients name, age, weight, haematocrit, and hours 
NPO. 

The purposes of the program is to provide a quick 
simple and clear individualised printout to guide the 
anaesthetist and to avoid potentially disastrous mis- 
calculations. 

Languages Applesoft Basic, Advanced Basic 
(IBM MS DOS 2.0 or higher), Radio Shack Basic 
(tape cassette). 

Computing Facility Apple II C, IBM PC, Radio 
Shack TRS 80 model PC2 (tape cassette). 


24.1.24 


Author A.J. Matthews (Department of Anaesthesia, 
Sunderland District General Hospital). 

Title Neonatal Total Parenteral Nutrition. 

Description This program is designed to be used on a 
neonatal intensive care unit for prescription of total 


parenteral nutrition. Information requested is the 
baby's weight (kg), daily fluid intake requirement 
(ml/kg/day), dextrose strength (%), lipid and Vamin 
requirements (p/kg/day), sodium, potassium, calcium 
and magnesium requirements (mmol/kg/day) and 
composition and volume (ml/day) of two other 
infusions. An aminophylline in glucose infusion can 
also be used (for treatment of neonatal apnoeas) and 
an input of mg/kg/hour is required for that. 

From these data the program calculates a complete 
menu for total parenteral nutrition based on Intra- 
lipid 20%, Vamin glucose and glucose with added 
electrolytes, trace elements and vitamins. It also 
calculates the dilution of aminophylline required, the 
calorie intake (kcal/kg/day) and glucose intake 
(mg/kg/minute). 

Language Sinclair Basic. 
Computing Facility Sinclair Spectrum (tape version). 


25.1.32 


Author J.N. Horton (Department of Anaesthetics, 
University Hospital of Wales, Heath Park, Cardiff 
CF4 4XW). 

Title Multiple Choice Questionnaire (MCQ) Marker. 

Description Up to 300 candidates’ responses to 
practice MCQs of the ‘stem-and-5-branch’` type can 
be input and each candidate's individual question 
and total scores calculated and displayed. The 
computer is not used to present or answer the 
questions, although the program could fairly readily 
be incorporated into an existing ‘self-test’ program. 
The program will also ‘validate’ each question for its 
ability to discriminate between good and bad 
candidates, based on their total scores. 

Language BBC Basic. 

Computing Facility BBC model B with compatible 
printer, disk or cassette. 


Details of programs to be included in this catalogue should be sent to Dr M.J. Harrison, Department of Anaesthesia, C Floor, 
East Block, University Hospital and Medical School, Clifton Boulevard, Nottingham NG7 2UH. They should be of relevance to 
anaesthesia or intensive care. Programs that involve the application of the basic sciences, will also be accepted. 

Further details of the programs can be obtained from the department or person directly involved. 
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1985. The Journals which may be consulted when Anaesthetic literature is compiled are those listed in Gurrent 
Contents—Life Sciences, published by the Institute of Scientific Information, Philadelphia, Pennsylvania, USA. 


Abdominal surgery 


Mucosal damage in Escherichia coli sepsis. ARVIDSSON, 
S., FALT, K. et al. Circulatory Shock 1985; 16: 383. 

Intestinal ischaemia. GILLESPIE, I.E. Gut 1985; 26: 653. 

Control of intestinal absorption by the renin-angio- 
tension system. Levens, N.R. American Journal of 
Physiology 1985; 249: G3. 

Nonhomogeneous redistribution of mesenteric blood 
flow after tolazoline during group B streptococcal 
sepsis in piglets. MEADOW, W.L., Meus, P.F. 
Developmental Pharmacology and Therapeutics 1985; 
8: 209. 

First experimental results with the oxygen electrode as 
a local blood flow sensor in canine colon. PIASECKI, C. 
British Journal of Surgery 1985; 72: 452. 


Pharmacology 
Adrenergic drugs and their antagonists 


Recurring cardiac myxoma. Gray, I.R., WILLIAMS, 
W.G. British Heart Journal 1985; 53: 645. 

Labetalol infusion in hypertensive emergencies. LEBEL, 
M., LANGLOIS, S. et al. Clinical Pharmacology and 
Therapeutics 1985; 37: 615. 

Effects of clonidine on blood pressure, noradrenaline, 
cortisol, growth hormone and prolactin plasma levels 
in high and low intestinal tone depressed patients. 
Lecuin, F., Dus, B. VAN Der. Neuroendocrinology 
1985; 41: 156. 

Serum myoglobin concentrations are decreased by beta- 
adrenergic stimulation. LIUNGHALL, S., Roxin, L.E. 
etal. European Journal of Applied Physiology 1985; 54: 
54. 

Serum creatine phosphokinase levels during treatment 
with beta-adrenoceptor blocking agents. SARUTA, T., 
SUZUKI H. Journal of Cardiovascular Pharmacology 
1985; 7: 805. 

Role of dopamine in the neurotoxic effects of meth- 
amphetamine. SCHMIDT, C.J., Ritter, J.K. et al. 
Journal of Pharmacology and Experimental Thera- 


peutics 1985; 233: 539. 

Use of intravenous regional sympathetic block in upper 
limb angiography. VAUGHAN, R.S., LAwRIE, B.W., 
Syxes, P.J. Annals of the Royal College of Sucgeons 
of England 1985; 67: 309. 

y-L-glutamy]-L-dopa is a dopamine pro drug, relatively 
specific for the kidney in normal subjects. WORTH, 
D.P., HARVEY, J. et al. Clinical Science 1985; 69: 207. 


Anaesthetic agents 


Prolongation of thiopentone-induced sleep by traz- 
odone and its metabolite, m-chlorophenylpiperazine. 
ADAMUS À., SANSONE M. et al. Journal of Phavmacy 
and Pharmacology 1985; 37: 504. 

Comparative metabolic effects of halothane ard en- 
flurane in rat heart cell culture. ALBRECHT, R.F., 
MILeETICH, D.J., DINSMORE, P. Journal of Cardio- 
vascular Pharmacology 1985; 7: 799. 

Effect of parenterally administered atropine on the 
percutaneous absorption of phencyclidine and 
methadone. BAILEY, D.N., Bricas, J.R., COFFE, J.J. 
Life Sciences 1985; 37: 417. 

Evaluation of infusion regimens for thiopentone as a 
primary anaesthetic agent. CRANKSHAW, D.P., 
Epwarps, N.E. et al. European Journal of Ctinical 
Pharmacology 1985; 28: 543. 

Effects of anesthetic agents on bile pigment excretion in 
the rat. GourLEY, G.R., MoGILEvsKy, W. et al. 
Hepatology 1985; 5: 610. 

Species differences in response to trichloroethylene. II. 
Biotransformation in rats and mice. GREEN, T., 
Prout, M.S. Toxicology and Applied Pharmacology 
1985; 79: 401. 

Integrated pharmacokinetics and pharmacodynamics 
ofatropine in healthy humans. 2. Pharmacodynemics. 
HINDERLING, P.H., GUNDERT-REMY, U. ef al. Journal 
of Pharmaceutical Science 1985; 74: 711. 

Integrated pharmacokinetics and pharmacodynamics 
of atropine in healthy humans. |. Pharmacokinetics. 
HINDERLING, P.H., GUNDERT-REmy, U. et al. Journal 
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of Pharmaceutical and Therapeutics 1985; 74: 703. 

Atropine serum concentration after multiple inhaled 
doses of atropine sulfate. KRADJAN, W.A., SMALL- 
RIDGE, R.C. et al. Clinical Pharmacology and Ther- 
aputics 1985; 38: 12. 

Ether cystitis. NELLANS, R.E., Ertis, L.R., KENNY, 
Journal of the American Medical Association 1985; 
254: 530. 

Species differences in response to trichloroethylene. I. 
Pharmacokinetics in rats and mice. Prout, M.S., 
PROVAN, W.M., GREEN, T. Toxicology and Applied 
Pharmacology 1985; 79: 389. 

Hemodynamic and respiratory effects of dezocine, 
ciramadol, and morphine. RotTuarD, R.L., 
SCHREINER, B.F., Yu, P.N. Clinical Pharmacology 
Therapeutics 1985; 38: 84. 


Analgesic agents 


Multiple sites for the cardiovascular actions of fentanyl 
in rats. GAUTRET, B., ScHmott, H. Journal of Cardio- 
vascular Pharmacology 1985; 7: 649. 

Chronic stress, aging and morphine analgesia— 
chronic stress affects the reactivity to morphine 
in young mature but not old rats. GiRADOT, 
M.N., HoLLoway, F.A. Journal of Pharmacology 
and Experimental Therapeutics 1985; 233: 545. 

Ranitidine does not alter pethidine disposition in man. 
Guay, D.R.P., MEATHERALL, R.C. et al. British 
Journal of Clinical Pharmacology 1985; 20: 55. 


Muscle relaxants 


Atracurium-receptor kinetics: simple behavior from a 
mixture. AMAKI, Y., WaAup, B., Waub, D.R. 
Anesthesia and Analgesia 1985; 64: 777. 

Anti-acetycholine receptor antibody titer with extended 
thymectomy in myasthenia gravis. KAGOTANI, K., 
Monpsn, Y. et al. Journal of Thoracic and Cardio- 
vascular Surgery 1985; 90: 7. 

Intracellular ionized calcium concentration in muscles 
from humans with malignant hyperthermia. LOPEZ, 
J.R., ALAMAQ, L. ef al. Muscle and Nerve 1985; 8: 355. 

The effect of acid-base balance on fatigue of skeletal 
muscle. MAINWOOD, G.W., RENAUD, J.M. Canadian 
Journal of Physiology and Pharmacology 1985; 63: 403. 

Measurement of junctional acetylcholine receptors in 
myasthenia gravis: clinical correlates. PESTRONK, À., 
Dracuman, D.B., SELF, S.G. Muscle and Nerve 1985; 
8: 245. 

Edrophonium: a useful provocative test for esophageal 
chest pain. RICHTER, J.E., HacksHaw, B.T. et al. 
Annals of Internal Medicine 1985; 103: 14. 

A comparison of physostigmine and soman using taste 
aversion and nociception. ROMANO, J.A., KING, J.M., 
PENETAR, D.M. Neurobehavioral Toxicology and 
Teratology 1985; 7: 243. 

Neuromuscular effects of atracurium during halo- 
thane-nitrous oxide and enflurane—nitrous oxide 
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anesthesia in humans. Rupp, S.M., MCCHRISTIN, 
J.W., MILLER, R.D. Anesthesiology 1985; 63: 16. 

Atracurium—clinical strategies for preventing 
histamine release and attenuating the haemodynamic 
response. SAVARESE, J.J., Basta, S.J. et al. British 
Journal of Anaesthesia 1985; 57; 550. 

Interaction among agents that block end-plate 
depolarization competitively. WAUD, B.E., Waub, 
D.R. Anesthesiology 1985; 63: 4. 

Fatigue trends in and the diagnosis of myasthenia gravis 
by frequency analysis of EMG interference patterns. 
Yaar, l., Mrz, A.R., PoTraLa, E.W, Muscle and 
Nerve 1985; 8: 328. 


Other drugs 


Mechanism of action of sodium cromoglycate. BIGGS, 
D.F., Gort, V. Canadian Journal of Physiology and 
Pharmacology 1985; 63: 760. 

Cimetidine interaction with liver microsomes in vitro 
and in vivo. Involvement of an activated complex with 
cytochrome P-450. JENSEN, J.C., GUGLER, P. Bio- 
chemica! Pharmacology 1985; 34: 2141. 

Midazolara kinetics before, during and after cardio- 
pulmonary bypass surgery. KANTO, J., HIMBERG, J.J. 
et al. International Journal of Clinical Pharmacology 
Research 1985; 5: 123. 


Complications 


Propylene glycol-induced heparin resistance during 
nitroglycerin infusion. CoL, J., CoL-Deseys, C. et al. 
American Heart Journal 1985; 110: 171. 

Hypercapnia during weaning; a complication of 
nutritional support. Dark, D.S., PINGLETON, S.K., 
Kersy, G.R. Chest 1985; 88: 141. 

Ischaemic brain. DEARDEN, N.M. Lancet 1985; 2: 255. 

Neuromuscular disorders associated with D- 
penicillamine treatment for rheumatoid arthritis. 
DEVOGELAER, J.P., Isaac, G. ef al. International 
Journal of Clinical Pharmacology Research 1985; 5: 
143. 

Nocturnal oxyhemoglobin desaturation following 
tracheostomy for obstructive sleep apnea. 
FLETCHER, E.C., BROWN, D.L. American Journal of 
Medicine 1985; 79: 35. 

Rapid development of obstructive sleep apnea 
following hemidiaphragmatic and unilateral vocal 
cord paralysis as a complication of mediastinal 
surgery. HOFFSTEIN, V., TAYLOR, R. Chest 1985; 88: 
145. 

Protamine-induced fatal anaphylaxis—prevalence of 
antiprotamine immunoglobulin-E antibody. 
SHaRATE, M.D., METZGER, W.J. ef al. Journal of 
Thoracic and Cardiovascular Surgery 1985; 90: 86. 


Apparatus 


Arterial blood gas measurement. Burk!, N.K. Chest 
1985; 88: 3. 
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Contamination of internal jugular cannulae. CLAYTON, 
D.G., SHANAHAN, E.C. et al. Anaesthesia 1985; 40: 
523, 

Anaesthetic breathing systems. Conway, C.M. British 
Journal of Anaesthesia 1985; 57: 649. 

Pressure-flow relationships of endotracheal tubes 
during high-frequency ventilation. GavreLY, N., 
SoLway, J. et al. Journal of Applied Physiology 1985; 
59: 3, 

Arterial micropuncture. An advance in blood- 
gas analysis. HARNONCOURT, K., MARSONER, H., 
Forcue, G. Respiration 1985; 48: 67. 

Paediatric anaesthetic equipment. Hatcu, D.J. British 
Journal of Anaesthesia 1985; 87: 672. 

Quantitative analysis of common anaesthetic agents. 
HEUSLER, H. Journal of Chromatography 1985; 340: 


273. ; 
Warming blood before transfusion. Does immersion 


warming changė blood composition. MARKS, R.J., 
Minty, B.D., WHrte, D.C. Anaesthesia 1985; 40: 541. 

Vaporization and vaporizers. WuiTe, D.C. British 
Journal of Anaesthesia 1985; 57: 658. 


General anaesthetic procedures 


The normalization of sleep after surgical procedures, 
with and without the use of a hypnotic benzodia- 
zepine. BiscHorr, R.C., SCHRATZER, M., ANDERS, A. 
Current Therapeutic Research 1985; 38: 3. 

Pronounced episodic oxygen desaturation in the post- 
operative period: its association with ventilatory 
pattern and analgesic regimen. CaTiey, D.M., 
THORNTON, C. et al. Anesthesiology 1985; 63: 20. 

Effect of alfentanil anaesthesia on the adrenocortical 
and hyperglycaemic response to abdominal surgery. 
Mo tter, I.W., KRANTZ, T. et al. British Journal of 
Anaesthesia 1985; 57: 591. 

Posterior spinal fusion and instrumentation in the 
treatment of adolescent idiopathic scoliosis. 
YOUNGMAN, P.M.E., EpGar, M.A. Annals of the 
Royal College of Surgeons of England 1985; 67: 313. 


General interest 


Phaeochromocytoma of broad ligament. Case report. 
AL-JAFARI, M.S., PANTON, H.M., GRADWELL, E. 
British Journal of Obstetrics and Gynaecology 1985; 
92: 649. 

Pheochromocytoma of the organ on Zuckerkand! 
presenting as shock. CIOBOTARU, M., EISENMAN, A. 
etal. Israel Journal of Medical Sciences 1985; 21: 517. 


Local analgesia 
Leaves and needles: the introduction of surgical local 
anesthesia. Fink, B.R. Anesthesiology 1985; 63: 77. 


Spinal and epidural analgesia 
Opioid peptides and their receptors. KosTeRLITZ, H.W. 


Proceedings of the Royal Society of London. Series B- 
Biological Sciences 1985; 225: 27. 


Spinal opicids 


Epidural morphine: a clinical double-blind study of 
dosage. LANZ, E., KEHRBERGER, E., Tues, D. 
Anesthesia and Analgesia 1985; 64: 786. 

Enkephalin and substance P dynamics studied in 
morphine addiction and potential respiratory failure. 
BERGSTROM, L. Acta Pharmaceutica Suedica 1985; 22: 
112. 

Plasma corticosterone changes in response to central or 
peripheral administration of kappa-opiate and 
sigma-opiate agonists. EIENBERG, R.M. Journal of 
Pharmacology and Experimental Therapeutics 1985; 


REA EAN ypliics mto suosianua wga protects 
against maximal electroshock seizures in rats. 
GARANT, D.S., GALE, K. Journal of Pharmacology 
and Experimental Therapeutics 1985; 234: 45. 

Analgesia and autonomic function following intra- 
thecal administration of morphine and norepine- 
phrine to the rat. Loomis, C.W., Cervenxo, F.W. 
et al. Canadian Journal of Physiology and Phar- 
macology 1985; 63: 656. 

Sigma-opioid receptor—characterization and co- 
identity with the phencyclidine receptor. MENDEL- 
SOHN, I.G., KALBA, V. ef al. Journal of Pharmacology 
and Experimental Therapeutics 1985; 233: 587. 

In vivo receptor binding of opioid drugs at the mu-site. 
ROSENBAUM, J.S., HoLForp, N.H., Sapee, W. Journal 
of Pharmacology and Experimental Therapeutics 
1985; 233: 735. 


Obstetric anaesthesia and analgesia 


Intravenous prostacyclin in the management of 
pregnancies complicated by severe hypertension. 
BELCH, J.J.F., THORBURN, J. et al. Clinical and 
Experimental Hypertension Part B—Hypertension in 
Pregnancy 1985; 4: 75. 

Maternal deaths in Washington State. BENEDETTI, T.J., 
STARZYK, P., Frost, F. Obstetrics and Gynecology 
1985; 66: 99. 

Experience with the pulmonary artery catheter in 
obstetrics and gynecology. CLARK, S.L., HORENSTEIN, 
J.M. et al. American Journal of Obstetrics and 
Gynecology 1985; 152: 374. 

Management of burns in pregnant women. DEITCH, 
E.A., RiGHTMIRE, D.A. et al. Surgery Gynecology and 
Obstetrics 1985; 161: 1. 

A return to maternal mortality studies: a necessary 
effort. Fox, L.P. American Journal of Obstetrics and 
Gynecology 1985; 152: 379. 

Effects of caffeine ingestion during pregnancy. 
Furuması, N., SATO, S. et al. Gynecologic and 
Obstetric Investigation 1985; 19: 187. 


Obstetric outcome in women with epilepsy. HNLESMAA, 
V.K., BARDY, A., TERAMO, K. American Journal of 
Obstetrics and Gynecology 1985; 152: 499. 

Pregnancy-induced increase in metoprolol metabolism. 
Hoastept, S., LINDBERG, B. et al. Clinical Phar- 
macology and Therapeutics 1985; 37: 688. 

Arginine vasopressin in amniotic fluid, arterial and 
“venous cord plasma and maternal venous plasma. 
JOHANNESEN, P., PEDERSEN, E.B. et al. Gynecologic 
and Obstetric Investigation 1985; 19: 192. 

Plasma catecholamines and modes of delivery: relation 
between catecholamine levels/platelet aggregation 
and adrenoceptor radioligand binding. Jones, C.R., 
McCuL.oucn, J. et al. British Journal of Obstetrics 
and Gynaecology 1985; 92: 593. 

Current concepts: acute fatty liver of pregnancy. 
Kaplan, M.M. New England Journal of Medicine 
1985; 313: 367. 

Effect of metoprolol in combination with hydralazine 
on fetal heart rate patterns during hypertensive 
pregnancy and delivery. LINDEBERG, S., OXELSSON, O. 
et al. Clinical and Experimental Hypertension. Part 
B—Hypertension in Pregnancy 1985; 4: 87. 

Water metabolism and vasopressin secretion in 
pregnancy. LINDHEMMER, M.D., Barron, W.M., 
Davison, J.M. Vasopressin. R.W. Schrier. (Ed), 
Raven Press (New York), 1985: p. 229. 

Immune complexes in preeclampsia and normal 
pregnancy. Massoprio, M., BENEDETTO, C. ef al. 
American Journal of Obstetrics and Gynecology 1985; 
152: 578. 

Evaluation of the use of continuous lumbar epidural 
anesthesia for hypertensive pregnant women in 
labour. Moore, T.R., Key, T.C. et al. American 
Journal of Obstetrics and Gynecology 1985; 152: 404. 

Current concepts: management of medical problems in 
pregnancy—severe cardiac disease. SULLIVAN, J.M., 
RAMANATHAN, K.B. New England Journal of 
Medicine 1985; 313: 304. 

A comparative oral analgesic study of indoprofen, 
aspirin, and placebo in postpartum pain. SUNSHINE, 
A., ZIGHELBOIM, I. et al. Journal of Clinical 
Pharmacology 1985; 25: 374. 

Hypertension in pregnancy—long-term effects on 
blood pressure in mothers and children. SVENSSON, A. 
Acta Medica Scandinavica 1985; Suppl 695: 5. 

Catecholamine responses to changes in posture during 
human pregnancy. WHITTAKER, P.G., GERARD, J., 
Lp, T. British Journal of Obstetrics and Gynae- 
cology 1985; 92: 586. 


Paediatric anaesthesia and intensive care 


Sleep apnoea profile in preterm infants recovering from 
respiratory distress syndrome. BENTELE, K.H.P., 
ALBANI, M. et al. Archives of Disease in Childhood 
1985; 60: 547. 
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Unexplained deaths in a children’s hospital: an 
epidemiologic assessment. BUEHLER, J.W., SMITH, 
L.F. et al. New England Journal of Medicine 1985; 
313: 211. 

Commentary. Enquiry into perinatal death. CHALMERS, 
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Ventilatory responses of children to changes in dead- 
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Cerebral cortical function in infants at risk for sudden 
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in preterm infants with idiopathic apnea. DURAND, 
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Catecholamine response to chest physiotherapy and 
endotracheal suctioning in preterm infants. GREISEN, 
G., FREDERIKSEN, P.S. ef al. Acta Paediatrica 
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Pathophysiological analysis of hypoxaemia during 
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A mysterious cluster of deaths and cardiopulmonary 
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Biphasic response of respiratory frequency to hyper- 
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and or forenume should precede the name of each author and his degrees. without full stops between 
letters, and appointment (e.g. Consultant. Registrar. etc.) should follow it. 

A full postal institutional address should follow the names, degrees and appointments. Correspondence 
will normally be addressed to the first author but, if it is desired to direct correspondence other than 
to the first author, or if different authors belong to different institutions or departments. a separate sentence 
should be added: this should start on a new line and begin “Correspondence should be addressed 
to... and a full postal address should follow. 


SUMMARY AND KEY WORDS 
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The second page should carry a summary of not more than 150 words. The summary should state the 
purpose of the study or investigation. basic procedures, main findings and their statistical significance, 
and the principal conclusions. 

Do not use abbreviations except for units of measurement (e.g. mg. em. etc.). 
Kev (indexing) words. Below the abstract. provide and identify as such. three to 10 key words or short 
phrases that will assist indexers. Use terms from the Medical Subject Headings list from Index Medicus. 
The Editor may modify these at proof stage to conform with agreed practice of certain other anaesthetic 
journals in the English language. 


COPYRIGHT OFFPRINTS 

Authors submitting a manuscript do so on the understanding that if it is accepted for publication. 
exclusive copyright in the paper shall be assigned to the Association. In consideration for the assignment 
of copyright, the Publisher will supply 25 offprints of each paper. Further offprints may be ordered at 
extra cost: the copyright assignment form and the offprint order form will be sent with the proofs. The 
Association will not put any limitation on the personal freedom of the author to use material contained 
in the paper in other works. 
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the headings Introduction, Methods. Results and Discussion. Long articles will need subheadings within 
some sections to clarify their content. ` 

Letters for the correspondence pages should be double spaced and prepared in accordance with the 
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Ventilation takes a step forward. 


Working closely with the anaesthesia profession worldwide for more 
than 60 years, Ohmeda has developed some of the world’s finest 
medical equipment. 4 


Our joint efforts have Produced a formula that has worked effectively, 
and the results are evident in our latest development: the OAV 7700 
anaesthesia ventilator. 


One of the most advanced anaesthesia ventilators available to date, 
the OAV 7700 offers the accuracy of electronic control combined with the 
reliability of pneumatically operated lung ventilation. 


machines, the OAV 7700 becomes part of a highly reliable, easy to use, 
cost effective anaesthesia system. One designed with your help...to 
meet your needs. 

Specify Ohmeda — We won't let you down. 


SPECIALIST CARE FOR SPECIALIST PEOPLE. 












Ohmeda 
Elizabeth Way Harlow Essex CM195AB England 
0279 29692 Telex 81497 


BOC Health Care 
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Vickers Medical maintains its position at the forefront of patient monitoring systems 
with the launch of two outstanding new anaesthetic monitors — Cardiocap and Multicap. 
Both units incorporate the most sophisticated innovations in sensor and microcomputer 
technology. They are compact, cost-effective and versatile, and greatly enhance the 
efficiency of the operating theatre and recovery room. 


MULTICAP 


This is the newest addition to the Vickers 
Medical range of respiratory gas 
monitors. Multicap is simple to operate 

and economical to run. Its sampling 
system is controlled by microprocessors 
which guarantee reliable operation, 
while its six displays give you simultaneous, 
at-a-glance data on essential physiological functions. 

@ Miniature sensors — unique to Vickers Medical — have ultra-fast response time 

which allows “breath-by-breath” measurement of CO, N,O and O, 

E Easy use of communications capabilities guaranteed by complete software 

control 

@ Audio and visual alarms on major parameters monitored 

E Sensor requires no servicing 
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CARDIOCAP 


This integrated non-invasive 
monitor is unique in that, asa 
single unit, it displays all the vital 
respiratory and circulatory information you need at a glance. 


ECG 4G Digital heart rate 

E Breath-by-breath CO,, O, and N,O 

E Integral, non-invasive blood pressure wave-form and digital value 
E Plethysmographic Pulse/Invasive Blood Pressure Wave-Form 

E Two temperature channels 

E Complete communication capability 


For further information, contact 
Nick Tyrrell, Product Manager, 
Vickers Medical, Priestley Road, 
Basingstoke, Hampshire, 
England RG24 9NR. 


Telephone 0256-29141. 
Telex 858697. FAX 0256460802 





/ Vickers 
/ Medical 


Cardiocap and Multicap are registered trademarks of Instrumentarium Corporation and are manufactured in Finland by Datex. 





Anaesthesia monitoring at its most advanced 











Muscle relaxation, pure and simple 


ORCURON' 


Highly specific 


Muscle relaxants are known to cause 
cardiovascular side effects when their action is o 
specific for the neuromuscular junction. 


NORCURON 
“is the most specific neuromuscular blocking 
agent that has ever been synthesized. It is the drug 
which has by far the fewest side effects of any 
neuromuscular blocker. As a result, it has the 
highest therapeutic ratio”.! 


NORCURON 
“Because it is so ‘pure’, because it is so free from 
side effects, it can be given in high doses. It can be 
given at 6, 8, 10 or 15 times the EDog dose, if the 
clinician so wishes”! 

Histamine release unlikely 


y Some muscle relaxants cause histamine release. 






This may give rise to such side effects as 
hypotension and bronchospasm. 


NORCURON 
“at 3.5 times the EDs does not alter serum 
histamine levels”. 


Litt} jt 


Sssauz: Muscle relaxation, 
pure and simple. 


Oncanen Temuka Organon Teknika Limited 
Cambridge Science Park, Milton Road, 
Cambridge CB4 4BH 
1. Feldman SA; Clinical Experiences with Norcuron, Excerpta Medica (1983) 199-200 
2. Basta SA; Clinical Experiences with Norcuron, Excerpta Medica (1983) 183-184 


NORCURON ampoules of 4mg vecuronium bromide with 1m! ampoule water for injection. Uses: non-depolarising 
neuromuscular blocking agent of short to medium duration. Dosage: intravenous initial 0.08 to 0. 10mg/kg 
incremental 0.03 to 0.05m¢/kg. Contra-indications: none known. Since there is no experience with the use of 
Norcuron in pregnant women, it cannot be recommended during pregnancy. Clinical studies show that Norcuron 
nee Tree Unions ect on thé newly bom chid. Precautions and wamings: in 
renal insufficiency a slight prolongation of neuromuscular block can be expected. Use very small doses, and 
extreme caution in myasthenia gravis or myasthenic syndrome unless prolonged post-operative respiratory 
assistance is intended. Dose carefully in myopathy, severe obesity, electrolyte disturbances, altered pH and after 
poliomyelitis or dehydration. Neuromuscular blockade can be reversed with adequate doses of neostigmine 
together with atropine. Interactions: it is dangerous to give depolarising drugs (e.g. suxamethonium chioride) 
following a non-depolarising drug (e.g. Norcuron). Alkylating drugs (nitrogen mustards) may be a hazard in 
anaesthesia involving muscle relaxants. Anaesthetics, other drugs and the condition of the patient, may affect the 
magnitude and or duration of action of NORCURON -— see Data Sheet. Side-effects: none during clinical testing. 
| Overdosage: use standard reversal agents. e.g. ag or pyridostigmine. Packs: 50 ampoules 4mg 
| NORCURON, 50 ampoules Imi solvent. PL: 3524/0009. 









THE BRISTOL CRAMMER 


Final F.F.A. Exam 
Intensive Course 


28th April-2nd May 1986 


This five day Course will include tutorials on current topics, practical 
subjects viz ECGs, X-rays, Equipment and examination of clinical cases. 
Sessions will be conducted by national and local experts and will include 
mock examinations and performance analyses. 


Course Fee £100 Closing date: 18th April 


Further details from: Anaesthetic Secretary, Department of Anaesthetics, 
Frenchay Hospital, Bristol. Telephone (0272) 565656 Extension 2640/2641. 


Further information is available on request 
American Hospital Supply (U.K.) Ltd. 
Wallingford Road, Compton, Nr. Newbury. 
Berkshire RG16 OQW. 
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WE'VE 
GIVEN YOU 
PRECISELY 
WHAT YOU 
WANTED 


| HYPNOVEL | 


| et aes 






When we asked how Hypnovel could be improved, many 


users asked for a more dilute presentation, so that finer 
control of dosage, and therefore sedation, could be 
achieved. So the 2ml presentation was joined by an 


ampoule containing the same 10mg of midazolam, but in 

5ml of solution. The extra 3ml of diluent makes it simpler 

to obtain the full benefits of Hypnovel. Proven benefits of 

Hypnovel include fast onset and rate of recovery, excellent 
L amnesia and minimal venous complications? 


THE 
HYPNOVEL 10mg/5ml 
* AMPOULE 


FOR MORE PRECISE 
CONTROL OF I.V. SEDATION 


Prescribing Information 


Indications Intravenous sedative cover. Alternative intravenous agent for induction of 
anaesthesia in high-risk patients. Intramuscular premedication. Dosage and Administrati 

W~ Intravenous sedation Usual total dose 2 5mg to 7.5mg (approx. 0.07mg/kg body-weight). 
Intravenous induction of anaesthesia Unpremedicated patients: 0.3mg/kg body-weight or 
more. Premedicated patients: 0.2mg/kg body-weight may be adequate. Intramuscular 
premedication (10mg/2ml ampoule only) Usual dose about 5mg (approx. 0.07-0.1mg/kg 
body-weight). Elderly patients are more sensitive to the effects of Hypnovel and lower doses 
should be used. Children over the age of seven years may receive Hypnovel for induction of 
anaesthesia in a dose of 0.15mg/kg body-weight. Contra-is ions Benzodiazepine 
sensitivity; acute pulmonary insufficiency; respiratory depression. Precautions Use during 
pregnancy and laetation should be avoided. Patients should not drive or operate machinery 
for eight hours after administration. Avoid alcohol. Sedative effects of other centrally-acting 


drugs may be intensified. For the administration of Hypnovel a second person should always 
be present and facilities for resuscitation should always be available. Si Hypnovel is 
well tolerated and changes in arterial blood pressure, heart rate and respiration are usually 
slight. The rapid injection of a high dose can induce soft-tissue airway obstruction or apnoea 
of short duration. Local effects on veins are infrequent. However, pain on injection and 
thrombophlebitis may occur. Presentation Ampoules containing 10mg midazolam base as the 
hydrochloride in 5ml or 2ml aqueous solution, in packings of 10. Basic NHS Cost 76p per 
10mg/5ml ampoule. 64p per 10mg/2ml ampoule. Product Licence 
Numbers 0031/0189 (10mg/5m!), 0031/0126 (10mg/2ml). Product Licence 
Holder Roche Products Limited, PO Box 8, Welwyn Garden City, 
Hertfordshire AL7 3AY. Reference 1. Anaesthesia. 1982,37,1002. 
Hypnovel is a trade mark. 
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AErrane’ (isoflurane) 


e With or without premedications, 
relaxants or nitrous oxide, AErrane™ 
(isoflurane) suppresses consciousness, 
pain, muscle tone, and memory of 
the operation. 


Inhalational control is enhanced by 
a low solubility in blood. 


Muscle relaxation with AErrane™ 
(isoflurane) alone is sufficient for 
most surgical needs; supplemental 
relaxant requirement is markedly 
reduced or eliminated (as is the need 
for reversal agents postoperatively): 
Relaxation of the chest wall an 
diaphragm permits easily assi 
or controlled ventilation without 
concern for ‘‘stiff chest!’ Reg iratory 
depression dissipates promptly 
with recovery 
AErrane™ (isofluraliifie the most 
rapidly eliminated of all potent 
modern anaesthetic, 4 thus providing 
for a prompt, smooth recovery, with 
| few post-anaesthetic sequelae. 


Please contact your Anaquest repre- 
sentative or our offices to arrange for 
AErrane™ (isoflurane) vaporisers. 


`~ i 


AErrane™...a product of original Anaquest ri 
(isoflurane) 


Anaquest 


The Dorcan Complex Corrig Road 

Faraday Road Sandyford Industrial Estate 
Swindon Wiltshire SN3 5JB Dublin 18 Ireland 

United Kingdom 01 953421 

0793 615581 





For the Sum of Your 
Patient’s Anaesthetic Needs 





Intraoperative Margins of Safety — 


e AErrane ™ (isoflurane) causes a 
dose-related decrease in peripheral 
resistance (and cardiac afterload) 
but little or no depression of myo- 
cardial function or cardiac output 
(at normal levels of surgical anaes- 
thesia, 1 to 1.5 MAC).? These effects 

; : are potentially useful in the elderly;? 
A AA NA AAN A^ in patients with coronary artery dis- 
ease,* and for induced hypotension 

in cerebral aneurysm surgery.® 


Cardiac rhythm tends to remain 

stable. A report from a large multi- 
centre study of 6,798 patients states, “In none of the extensive 
analyses did isoflurane itself appear to be a factor associated with 
development of arrhythmias:!’6 AErrane™ (isoflurane) also does not 
increase myocardial sensitivity to adrenalin’ used for haemostasis 
or to endogenous catecholamines.® 


e An excellent choice for neurosurgery, AErrane™ (isoflurane) causes 
no increase in intracranial pressure (ICP) when PaCO,;, is controlled at 
25-30 mmHg.? ICP is readily lowered at any time by decreasing PaCO, 
(convulsive activity is not seen at any PaCO, level or anaesthetic 
concentration). 

AErrane™ (isoflurane) is the least metabolized of all potent 
pg nones. 
as been used in more than 20 million 
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halogenated anaesthetics; known or suspected genetic Sects to PR RE hy; solide ats Side Effect : 
Hypotension, respiratory depression, arrhythmias, elevated white blood count, shivering, nausea, vomiting an dileus 
have been reported. Product Licence Number: 5247/0002. 
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Editorial 
A crisis of learning in anaesthesia 


We, in the United Kingdom, use a system of preceptorship and apprenticeship to enable medical 
graduates both to acquire the loosely defined body of knowledge, and to develop the skills and attitudes 
necessary to practise anaesthetics. The opportunity for the student to see how the knowledge and skills 
are applied and to evaluate the results while learning the specialty are the advantages of this method. 
Learning from a tutor continues because it is successful, but it is nevertheless a system open to abuse. 
The anaesthetist in training must sometimes work alone, to practise what he has learned. But to leave 
him alone, overworked and perhaps tired, in situations which he does not fully understand seems to 
make a mockery of the whole system. Trainees need support and advice in proportion to their com- 
petence to manage the situations in which they find themselves, otherwise they will learn little. 

There may be many reasons why this support and advice are not forthcoming. The junior doctor might 
not ask for help since he may be unaware of his own limitations and be overconfident, but the astute 
preceptor should know this. The hospital in which staffing arrangements require that the resuscitation 
of seriously ill or seriously injured patients is left to an anaesthetist inadequately trained to deal with 
them is much more worrying. If those who could both help and teach are already occupied in the 
intensive therapy unit or in an obstetrics department, there is little likelihood that the trainee will learn 
anything from the cases he is doing. 

Our system of teaching by preceptor has become badly distorted. The increase in the amount of work 
in X ray departments and in day surgery units all too often means that anaesthetists in training 
anaesthetise patients by themselves; from this experience they learn very little because the skills and 
knowledge required to give the anaesthetic are beyond them. It is as clear to examiners for the Part I 
FFARCS, as it was to the DA examiners before them, that acceptable levels of anaesthetic practice are 
not learned by some trainee anaesthetists and that many have only a sketchy idea of the basic principles 
of resuscitation and of airway management which should be the foundation of anaesthetic teaching. 
The absence of understanding of the potential for danger in a given clinical scenario often shows up 
the deficiencies of instruction. The fact that the trainee has not personally experienced a problem and 
is therefore inclined to deny its existence tells us as much about the training as about the trainee. There 
is also evidence of the lack of immediate support for inexperienced anaesthetists who find themselves 
in deep trouble. These inadequacies simply ought not to occur in a proper training system based upon 
preceptorship. 

This is a serious problem and it must first be recognised that our system of teaching anaesthetics 
demands that an experienced anaesthetist be available to work with and to teach each trainee. Instruc- 
tion of totally inexperienced beginners by other members of the junior staff, who are themselves partially 
trained, is to perpetuate errors and half truths; both could be corrected were a senior person to be 
immediately present. More important, the pattern of anaesthetic practice, in which out of hours 
anaesthesia is left largely to unsupervised junior anaesthetists, deprives them of instruction when often 
it is most needed. 

Teaching by preceptor has served anaesthesia well for many years and would need to be abandoned 
only if it were proved unworkable, which it clearly is not. We must,-however, return to the principle 
upon which it is based: guidance and instruction are freely and constantly available to the learning 
anaesthetist. This may mean a change in the working habits of not only hospital anaesthetic depart- 
ments, but also of individual senior anaesthetists. More consultants will be required to provide im- 
mediate support for inexperienced anaesthetists at all times. The financial and manpower changes 
necessary to meet this will have to be faced, but the results of such changes would be better training 
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of the junior anaesthetists and fewer avoidable patient deaths. It is time we began to search for an 
acceptable solution to this problem. 


Wexham Park Hospital, : * R.D. Jack 
Berkshire SL2 4HL 


‘Editorial notices 


Submission of manuscripts 


Manuscripts must be submitted in accordance with the internationally recognised Uniform requirements for 
manuscripts submitted to biomedical journals (British Medical Journal 1979; 1: 532-5). Details will be found in 
the Notice to Contributors to Anaesthesia at the end of this issue. 


News and Notices sections 


The first issue of each quarter will contain full News and Notices sections. 

Copy dates for these will be: 14 March 1986 for June 1986, 13 June 1986 for September 1986 and 12 September 
1986 for January 1987. 

Supplementary News and Notices sections will be published in other issues but they will contain only material 
which requires publication before the next full News and Notices section. 


Stop press 


Pain relief in labour: the benefits and risks 


A national conference organised by the Maternity Alliance on 18 March in London for anaesthetists, midwives, 
mothers, obstetricians and paediatricians to discuss the different forms of pain relief available and their relative 
merits. Ring the Maternity Alliance on 01 388 6337 for further details. 
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Plasma cholinesterase changes during the puerperium 


N. ROBSON, I. ROBERTSON anb MARY WHITTAKER 


Summary 


Changes in plasma cholinesterase activity during the puerperium were studied in 16 women who received 
epidural analgesia for labour followed by vaginal delivery, and in five women who underwent elective 
Caesarean section under epidural analgesia. A consistent fall in cholinesterase activity was demonstrated 
during the first 2 to 3 days post partum, followed by a rise to approximately normal nonpregnant values 
by the end of the puerperium. An additional patient who manifested prolonged paralysis following 
an emergency Caesarean section under general anaesthesia, including a suxamethonium infusion, was 
also studied. Possible mechanisms by which the transient decrease in cholinesterase activity is produced, 


and its clinical significance, are discussed. 


Key words 


Enzymes; cholinesterase. 
Anaesthesia; obstetric. 


There are conflicting reports about the pat- 
tern of change in plasma cholinesterase activity 
during pregnancy,'~* but most workers have 
found that the rapid decline in activity which 
occurs during the first trimester produces signifi- 
cantly lower levels of activity in women during 
the second and third trimesters of pregnancy 
compared with nonpregnant populations.?:3- 
Reports have shown that the lowest levels of 
activity occur in the first postpartum week,? 3:5:7. 
but changes on consecutive days in the same 
study have not been recorded. It has been shown 
that plasma cholinesterase activity in women 
returns to normal levels by the end of the puer- 


perium.® The present study was designed to 
ascertain the pattern of recovery of plasma 
cholinesterase activity during the first 5 post- 
partum weeks, and to compare this pattern with 
that of plasma albumin concentration over the 
same period. 


Methods 


Two groups of women were studied. Group 
A consisted of 16 healthy pregnant women at 
term, who urderwent spontaneous or induced 
labour with epidural analgesia, followed by 
vaginal delivery. Patients with any complication 


N. Robson, MB, BChir, FFARCS, Senior Registrar, Department of Anaesthetics, City General Hospital, 
Newcastle Road, Stoke on Trent ST4 6QG, I. Robertson, BSc, MB, BCh, FFARCS, Registrar, Department 
of Anaesthetics, Gloucester Royal Hospital, Great Western Road, Gloucester GLI 3NN, Mary Whittaker, 
MSc, PhD, DSc, Chemistry Department, University of Exeter, Exeter, Devon EX4 4QD. 

This work was carried out at Birmingham Maternity Hospital, Queen Elizabeth Medical Centre, Edgbaston, 
Birmingham. 
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of pregnancy except mild pre-eclampsia were 
not studied, as were mothers of babies with 
any neonatal abnormality. None of the patients 
included had abnormal liver function or any 
major illness, and none received general anaes- 
thetics. Venous blood samples were taken prior 
to the administration of epidural analgesia and 
subsequently at 4 days and 1, 2, 3 and 5 weeks 
postpartum. 

To clarify changes in cholinesterase activity 
during the first postpartum week, a second group 
of five women (group B) was studied. All these 
patients were healthy and underwent obstetrically 
indicated elective Caesarean section under epi- 
dural analgesia. Blood samples were obtained 
from them prior to delivery and on days 1, 
2, 3, 4, 5 and 42 postpartum. 

Additionally, cholinesterase 
assayed in a series of samples taken from another 
patient (patient C) who had an emergency 
Caesarean section for fetal distress under general 
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4 days 
post partum 


7 days 
post partum 


14 days 
post partum 


Number of individuals 


21 days 
post partum 


35 days 
post partum 
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anaesthesia, during which about 300 mg of suxa- 
methonium was given by infusion to provide 
relaxation. Muscle paralysis persisted for about 
20 minutes after the suxamethonium infusion 
was stopped at the end of the operation. 

The study was explained to the subjects and 
verbal consent was obtained. Serum from the 
clotted blood samples was separated within a 
few hours of collection and stored frozen prior 
to estimation of cholinesterase activity and 
albumin concentration. Cholinesterase activity 
was assayed by the method of Kalow and 
Lindsay? and genotyped by measuring 
dibucaine!° and fluoride numbers.!! 


Resalts 


Fourteen of the subjects in group A Were homo- 
zygous for the usual gene (E,"E,*) while two 
subjects were heterozygous for the silent and 
fluoride-resistant genes, E,"E," and E,°E,', 
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Fig. 1. Group A cholinesterase activities: (S), E,"E,* heterozygote; (0), 


E,"E,! heterozygote; (2), E,"E," heterozygote (patient C). Mean values 
shown are for 14 patients with the usual genotype. 
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Fig. 2. Group A, E,"E," homozygotes (14 patients): individual 
plasma cholinesterase curves. 


respectively. Cholinesterase activity data from 
these latter two patients are shown separately 
in Fig. 1, as are those from patient C who 
clinically manifested suxamethonium apnoea 
following an emergency Caesarean section. 
Patient C was heterozygous for the atypical 
gene (E,°E,") with very low cholinesterase 
activity, which fell to only 0.1 units (micromol 
benzoylcholine hydrolysed/minute/ml plasma; 
normal nonpregnant range 0.80-1.20 units) 
during the first postpartum week and rose to 
just 0.37 units by the end of the puerperium. 
She was subsequently given a card from the 
Cholinesterase Research Unit in Exeter, warning 
of her sensitivity to suxamethonium. Her baby 
was investigated at 6 weeks of age and found 
to have the usual genotype with normal cholin- 
esterase activity. 

Excepting those subjects with unusual geno- 
types, there was fairly wide between-patient vari- 
ation in plasma cholinesterase activity within 
group A, as predicted by the flat Gaussian dis- 
tribution curve of activities obtained when 
randomly screening a healthy population of Cau- 
casian adults. The pattern of change in activity 
in each patient was more constant, as illustrated 
by Fig. 2. The mean level of cholinesterase 
activity at delivery was about 30 percent less than 
that found at 5 weeks postpartum and fell during 
the first post partum week to nearly 40 percent 
less, rising to approximate the delivery level by 
the end of the first postpartum week. Mean 
cholinesterase activity then rose to reach the 


5-week value 2 weeks later. Changes in albumin 
concentration followed a similar pattern (Fig. 3). 

Of the 14 subjects in group A with the usual 
genotype, 4 (29 percent) had cholinesterase 
activities 4 days postpartum that were 50 per- 
cent or less than the 5 weeks postpartum value. 
The range of values of cholinesterase activity in 
these patients at delivery was 0.5-0.79 units. Four 
days postpartum, the range of values was 0.41— 
0.71 units, with six subjects (43 percent) having 
values less than 0.5 units and at 3 weeks post- 
partum the range was 0.75-1.12 units. Ten of 
these 14 subjects (71 percent) had cholinesterase 
activities within the normal nonpregnant range 
3 weeks postpartum and eleven (79 percent) fell 
within the normal range 5 weeks postpartum. 

The E, "E,* variant occurs with an incidence of 
about 0.5 percent in a Caucasian population and 
it is of note that the cholinesterase activity of 
the E,"E,* heterozygote studied here fell to 
a very low level (0.28 units) during the first 
postpartum week, but rose to lie within the 
range of values of the E,"E," homozygotes 
by the fifth postpartum week, with a value of 
0.75 units, representing an increase in activity 
of 269 percent. 

Group B similarly showed fairly wide between- 
patient variation in cholinesterase activity, 
especially of 6 weeks postpartum values. In all 
five patients in this group, the level of cholin- 
esterase activity fell to a single lowest value 
on the second, third or fourth day postpartum 
and was rising again by the fifth postpartum 
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Fig. 3. Group A, plasma albumin concentrations with mean values. 


day. The range of the lowest values was 0.37-0.48 
units (Fig. 4). 


Discussion 

It is apparent from our results that maternal 
plasma cholinesterase .activity decreases during 
the early puerperium and, on average, reaches 
a minimum at about 3 days following parturition. 
A similar decrease in plasma albumin also occurs 
during this period. These plasma proteins subse- 
quently show a progressive increase in concen- 
tration until nonpregnant values are observed, 
often at 3 weeks postpartum. A few patients 
show a slower recovery, taking 5-6 weeks to 
reach the nonpregnant values for these proteins. 

The cause of the decrease in these proteins 
demands an explanation since de Alvarez!? has 
shown that the alpha, globulins, unlike albumin 
and cholinesterase, show little variation from 
the nonpregnant control until delivery, when 
a marked transitory rise occurs during the early 


puerperium: De Alvarez and his colleagues!? 
have not only examined the changes in serum 
protein fractionation which occur during preg- 
nancy, but also the analogous changes of the 
same proteins found in other clinical conditions. 
For example, they found that nephrosis has, 


` like pregnancy, depressed albumin and gamma 


globulin levels with elevated fibrinogen. Plasma 
cholinesterase activity is significantly elevated 
in the nephrotic syndrome,'? in contrast to the 
decreased activity observed during pregnancy 
and the early puerperium. This discrepancy in 
plasma albumin and cholinesterase chemistry 
is not surprising, since albumin (a small protein 
with a molecular weight of 69000) is excreted 
by the damaged tubules, whereas cholinesterase 
(molecular weight 3 x 10%) is retained by the 
tubules in nephrosis. 

Albumin, like plasma cholinesterase, is bio- 
synthesised in the liver, but the blood chemistry 
of the two proteins can differ, thus, in anal- 
buminaemia, patients have normal plasma cholin- 
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Fig. 4. Group B, cholinesterase activities with mean values. 


esterase levels'* whilst a Bantu girl lacking 
cholinesterase in her plasma had a normal serum 
albumin level.!5 However, our observations of 
the decreased albumin and cholinesterase in the 
early puerperium suggest that the explanation 
of both results is probably identical. There is 
a rapid loss of plasma fluid during the first 
few days after delivery,!° when as much as 
50 percent of the total postpartum plasma volume 
loss occurs; normal nonpregnant levels are 
attained in 6-9 weeks. The characteristic post- 
partum diuresis does not account for the total 
plasma volume loss, indicating that some of 
the fluid must be lost into the tissues as evi- 
denced by the oedema of hands and feet fre- 
quently observed in mothers on about the third 
postpartum day. However, loss of plasma volume, 
either by diuresis or by osmotic process into 
tissues, should produce an increase in the con- 
centration of the two plasma proteins as is ob- 
served with alpha globulins.'? It is remarkable 
that the minimum cholinesterase activity and 
albumin concentration coincide with maximum 
plasma volume decrease. 

It has been suggested that the steroids may 


produce a slight increase in the permeability 
to proteins. Such a hypothesis could explain 
the decrease in serum albumin and would support 
the observations of Laurell et a/.17 that gammaG 
and gammaM levels do not change during the 
immediate postpartum period, but it does not 
explain the decreased cholinesterase activity if 
molecular weight dimensions of the protein are 
to be considered. i l f 

With the exception of the immunoglobulins, 
the plasma proteins are mainly synthesised in 
the liver. The concept of a steroid-induced de- 
pression of the liver’s ability either to synthesise 
a protein or to release it, lacks support from 
metabolic studies. However, Doe et al.!® indicate 
that oestrogens have a stronger inductive effect 
on protein synthesis. than any other steroid, 
although the effect of oxytocin has not, to our 
knowledge, been examined. Supportive evidence 
that the observed changes in plasma proteins 
can, in part, be attributed to modified steroid 
metabolism during pregnancy, arises from con- 
sideration of oestrogen-protesterone containing 
contraceptives which promote similar changes 
in plasma proteins.?-17 The changes in serum 
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albumin and cholinesterase are reversed on with- 
drawal of the contraceptive, '!%-?° but to our know- 
ledge the early changes during the first 5 days 
after withdrawal have not been observed. 

Oestrogens are present in plasma, partly in 
the free form and partly conjugated; about 50- 
75 percent are bound to plasma proteins, mainly 
gammaglobulin. During the last 2 weeks of gesta- 
tion, a rapid conversion of combined to, free 
oestrogen has been reported. After delivery of 
the placenta, oestrogen is rapidly cleared from the 
blood and is not usually demonstrable after the 
third day. Although it is tempting to suggest that 
the diminished cholinesterase activity observed 
during pregnancy and the early puerperium could 
be the result of the known powerful inhibiting 
effect of many steroid derivatives,?! in the light 
of its negligible concentration in plasma on the 
third day postpartum, the effect of oestrogen 
in this role is untenable. However, on a similar 
tack, plasma cortisol increases during the third 
trimester of pregnancy as well as during adminis- 
tration of oestrogens. While 95 percent of the nor- 
mal concentration of plasma cortisol is bound to 
one or more alpha globulins, at elevated concen- 
trations 70-80 percent of the increment is bound 
to albumin, the remainder being unbound. If the 
cortisoh—albumin conjugated protein blocked 
the active site of plasma cholinesterase, then 
we could account for the decreased albumin 
and cholinesterase activities. Such a suggestion 
at this stage is speculative. It is apparent that 
one must measure the molar concentration of 
the enzyme by immunoassay in order to deter- 
mine whether enzyme induction or inhibition 
is the probable explanation for the observed 
changes in cholinesterase activity during the puer- 
perium, since in our opinion, plasma volume 
changes are not relevant. 

A number of workers have investigated the 
relationship between plasma cholinesterase 
activity and the duration of action of suxa- 
methonium. Walts et al.?? found a three-fold 
increase in the duration of apnoea produced 
by suxamethonium when plasma cholinesterase 
activity was 25 percent of normal, while in a 
population of pregnant women with cholin- 
esterase activities greater than 50 percent of 
normal, Blitt and his colleagues’ could find no 
correlation between cholinesterase activity and 
the duration of suxamethonium apnoea. Inastudy 
of individuals with the genotypically normal 
enzyme, Viby-Mogensen?* demonstrated a linear 


relationship between the inverse of plasma cholin- 
esterase activity and the duration of suxa- 
methonium apnoea or the time to 100 percent 
recovery of twitch height produced by nerve 
stimulation. Evans and Wroe?* analysed blood 
samples from 250 normal and suxamethonium- 
sensitive individuals and demonstrated that a 
cholinesterase activity 2.5 standard deviations 
below the mean normal activity of E, "E,° in- 
dividuals identifies over 90 percent of sux- 
amethonium-sensitive individuals. The value of 
cholinesterase activity 2.5 standard deviations 
below mean normal cholinesterase activity of 
heterozygotes for the usual gene approximated to 
50 percent of normal activity. 

It is apparent from our study that cholin- 
esterase activity is significantly reduced during 
the first 3 postpartum weeks and, especially 
during the first postpartum week, a relatively 
greater proportion of women given suxa- 
methonium could be expected to exhibit pro- 
longed paralysis than in an equivalent 
nonpregnant population. This expectation is 
not, however, borne out by experience at the 
Birmingham Maternity Hospital, where women 
undergoing Caesarean section under general 
anaesthesia routinely receive large doses of sux- 
amethonium by infusion without an obviously 
high incidence of prolonged paralysis. We suggest 
that while careful vigilance for suxamethonium 
apnoea is appropriate when the drugis used during 
the puerperium, the risks of inadequate relaxation 
for intubation make reduction of suxamethonium 
dosage unjustifiable. 
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Diabetes mellitus and open heart surgery 


A simple, practical closed-loop insulin infusion system for blood glucose control 


B. G. WATSON, M. J. ELLIOTT, D. A. PAY anp M. WILLIAMSON 


Summary 

A method, based on bedside determinations of blood glucose by nursing staff, was designed to control the 
administration of insulin to diabetic patients during and following open heart surgery. A computer- 
controlled intravenous infusion pump was used to deliver the insulin. Excellent control of the hyper- 
glycaemia normally associated with open heart surgery was achieved, with 84 percent of measured 
blood glucose values falling within 2 mmol/litre of the target value of 6 mmol/litre. The method praved to 


be simple, effective, and safe. 


Key words 


Surgery; cardiac. 
Metabolism; diabetes mellitus, insulin. 
Monitoring; blood glucose. 


Operations involving cardiopulmonary bypass 
are particularly liable to produce severe meta- 
bolic disturbances in the diabetic patient.! Insulin 
requirements are higher than for other pro- 
cedures. Hyperglycaemia can be controlled by 
infusing insulin and, if this is done, the metabolic 
disturbances can be minimised.! 

Both automated (Biostator artificial pancreas) 
and manual (operator control of insulin 
infusion rate) feedback methods have been used 
at the time of open heart surgery to maintain blood 
glucose concentrations within acceptable limits.” 
Both these techniques have disadvantages. The 
Biostator although very effective is complex, 
labour-intensive, and needs close medical and 
technical supervision and a continuous flow of 
blood. It is expensive and thus not available in 


many units. A technique using periodic blood 
glucose estimations and manual control of 
an insulin infusion is impractical in many 
clinical situations. Considerable experience 
is necessary to alter the insulin infusion raze ap- 
propriately during the rapid fluctuations of blood 
glucose concentration (due to variations of 
insulin resistance and endogenous glucose 
production) which may be encountered.3 Ccntrol 
is needed for long periods, and frequently re- 
quires skilled attention. 

We present a solution to these problems which 
can be operated by the nurse at the bedside with 
a reflectance meter. It can be used in two forms. 
One uses a computer-controlled insulin pump 
and a modified Reflocheck (Boehringer- 
Mannheim) blood glucose meter. The other uses 
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a simple table showing by how much a manually 
controlled insulin pump should be altered in 
given circumstances. The two systems are 
identical in that they use the same set of instruc- 
tions. In both systems, the user measures the 
blood glucose concentration with the Reflocheck. 
In one system, the insulin pump is then altered 
manually by the user according to the table. In the 
other, the calculation and alteration of the insulin 
infusion rate are performed automatically. 


Patients and methods 
Patients 


Twelve unselected diabetic patients having open 
heart surgery were studied (Table 1). They were 
taken from the group of 13 consecutive diabetics 
operated upon between August 1984 and January 
1985. The single patient not studied was not 
known to be diabetic until immediately before the 
operation, Informed consent was obtained from 
all patients. 

Ten patients were male and two were female. 
They were aged between 39 and 64 years (mean 
54.6 years) and weighed between 56 and 85 kg 
(mean 69 kg). Diabetic control pre-operatively 
was with diet alone in three, with oral hypo- 
glycaemic agents in six, and with insulin in three. 
Coronary artery bypass grafting was performed 
in nine patients (one for the second time), emer- 
gency repair of a ventricular septal defect (VSD) 
and coronary artery bypass grafting following 
myocardial infarction in one, replacement of a 
mitral prosthesis in one, and suture of a secundum 
atrial septal defect in one. 

Oral hypoglycaemic agents were stopped the 
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day before operation and all patients were starved 
overnight. No patient was considered to be so 
insulin-dependent that overnight glucose/insulin/ 
potassium was required. The morning dose of 
insulin was omitted. Benzodiazepine (temazepam 
or lorazepam) premedication was given orally 
one hour before operation. Induction and main- 
tenance of anaesthesia were according to the 
preference of the anaesthetist; no attempt was 
made to influence this. The principal induction 
agent was fentanyl, and all patients were 
paralysed with pancuronium. A variety of agents 
were used to supplement nitrous oxide anaes- 
thesia and to control the blood pressure. No 
glucose was given during the operation, and the 
oxygenator priming solution contained no blood, 
glucose, or lactate as recommended by Elliott 
et al.? After induction of anaesthesia, an insulin 
infusion at either 5 or 10 units/hour was started 
through a dedicated cannula. Control of the 
insulin infusion rate was then passed to the com- 
puterised system (see below). Blood glucose 
estimations were performed by the anaesthetist at 
intervals of 15 minutes throughout the operation. 

At the end of the procedure, the data were 
stored on disk and the computer switched off 
during transfer of the patient to the intensive care 
unit. The insulin pump was then restarted and 
control of its rate was again passed to the com- 
puter. An infusion of glucose was started at a rate 
of 0.1 g/kg body weight/hour. This was con- 
tinued until the patient left the intensive care unit. 
The rate at which the insulin infusion was re- 
started tock into account this glucose load 
provided that the last blood glucose concentra- 
tion in the theatre had not been low, the insulin 


Table 1. Details of patients studied 





Age Weight 
Patient (years) Sex (kg) Diabetes Procedure Outcome 
BF 39 M 74° NIDDM Patch ASD Discharged 9th postop day 
AT 52 M 75 NIDDM CAVG x7 Discharged 6th postop day 
A McG 5i F 57 NIDDM Redo MVR Died on 65th postop day 
JP 55 M 72 NIDDM Redo CAVG x 4 Discharged 11th postop day 
we 62 M 3 NIDDM CAVG x 6 Discharged 13th postop day 
RH 52 F 60 NIDDM CAVG x 6 Discharged 13th postop day 
RG 62 M 70 IDDM CAVG x6 Discharged 10th postop day 
AH 64 M 70 NIDDM CAVG x1, VSD Died on 20th postop day 
WK 57 M 85 NIDDM CAVG x 4 Discharged 14th postop day 

(renal failure, PD) 

MF 57 M 73 NIDDM CAVG x7 Discharged 22nd postop day 
AS 57 M 65 IDDM CAVG x7 Discharged 7th postop day 
VT 47 F 56 IDDM CAVG x3 Died on 2nd postop day 


(N) IDDM = (non) insulin-dependent diabetes mellitus; PD = peritoneal dialysis. on Pp: 
y 
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was restarted at a rate approximately 50 percent 
higher than before. 

Most patients left the intensive care unit on the 
day after surgery. Computer control was stopped 
shortly before transfer to the general ward. An 
infusion of glucose, insulin, and potassium was 
started with a ratio of glucose to insulin the same 
as had been given over the preceding 4 hours. 
Data on further management are not presented 
here. 


Manual control of the insulin infusion rate 


This was used to control the insulin infusion rate 
in one patient after the computer keyboard had 
been damaged accidentally. A simple table 
(Table 2) was used. This was evolved during pilot 
studies over the previous two and a half years 


and was based on the difference between con- 
secutive values of the blood glucose. Blood 
samples were taken from the arterial cannula used 
for blood pressure monitoring, and glucose con- 
tent estimated immediately using a Reflocheck. 
The Reflocheck was chosen for its known ease of 
use, accuracy, and reliability. The blood glucose 
result was rounded down to the nearest whole 
number of millimoles. If the result was very high 
(>15 mmol/litre) the estimation was repeated 
before proceeding. The insulin infusion rate was 
then altered according to the number (the ‘factor ’) 
obtained from the table by consulting the row and 
the column determined by the previous, and the 
most recent, blood glucose values respectively. 
The insulin infusion rate was multiplied by the 
adjustment factor to obtain the new rate. The 
insulin infusion pump was then set to this rate. 


Table 2. Chart of instructions for users of the manual system. The user measures 
the blood glucose concentration using the Reflocheck, and rounds down the result 
to the nearest whole number. The table is then consulted, using the row and column 
determined by the previous and the most recent blood glucose respectively, and 
finds the ‘factor’. The current insulin infusion rate is then multiplied by the factor 
to find the new value. The user then sets the insulin pump to this rate. The text 
shows safety checks which are made before the insulin pump is altered. 


This result 


9 


Lost result 








—Half-hourly Reflocheck B.G. estimations 

—if result over 15 mmol/l, repeat to confirm before proceeding 
—round result down to nearest whole number 

—using this result and last result, consult table to find factor 
—unultiply old insulin rate by factor to get new insulin rate 
-—if new rate is 80 U/hr or over, new rate is 80 U/hr 


~—change insulin infusion rate 


—if factor is in a stippled square, change to 4 hrly estimations 
*Give 20 mi of 50% dextrose intravenously and reduce insulin to minimum rate. 


Pa 


The interval between blood samples was 15 
minutes during operation, and 30 minutes post- 
operatively. The latter interval was shortened if 
the derived factor was found to be in a stippled 
square on the table. This would occur when the 
blood glucose was low, when it had changed by 
a large amount over the previous sample period, 
or when it was high and the insulin infusion rate 
needed to be increased rapidly. The sample 
interval was then reduced to 15 minutes until the 
new factor was no longer in a stippled square. 

An arbitrary upper limit of 80 units/hour was 
set on the insulin infusion rate; this was never 
exceeded. A lower limit was set according to the 
pre-operatively assessed severity of the diabetes: 
2 units/hour for those who were insulin- 
dependent pre-operatively, 1 unit/hour for those 
on oral hypoglycaemic agents, and 0.5 units/hour 
for those who were controlled by diet alone. If a 
blood glucose concentration of less than 3.0 mml/ 
litre was measured, 20 mi 50% dextrose 
was given intravenously and the insulin infusion 
rate reduced to the minimum level. There were no 
additional instructions to correct or prevent 
anticipated changes caused by the administration 
of blood or inotropic agents. 


Computer control of the insulin infusion rate 


A microcomputer-based system (Fig. 1) was 
developed, in conjunction with the Regional 
Medical Physics Department, to control the 
rate of the insulin infusion according to 
the instructions used in the manual system 
described above. It was used to control the insulin 
administration to 11 of the 12 patients studied, 
both during operation and postoperatively. 


Reflocheck 










Appie I 






microcomputer 
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Blood samples were taken at intervals of 15 or 30 
minutes as above, and analysed immediately 
using a Reflocheck blood glucose meter, modified 
by the addition of an interface to an Apple II 
microcomputer which monitored the blood 
glucose concentration result. The computer used 
this result and the previous blood glucose value 
to derive the appropriate factor from the table, 
calculated the new insulin infusion rate and set 
the insulin pump automatically to this rate for the 
following period. 

The software was designed so that after initial 
set-up, the minimum of attention was required 
from the operator. The normal operating mode of 
the system was to display graphically the most 
recent 12 hours’ values of blood glucose con- 
centration, and insulin and glucose infusion rates 
(Fig. 2). The lower part of the screen showed, in 
text form, the current values, and a moving cursor 
indicated that the system was working. A menu 
was available at the press of a key, so that manual 
alterations of parameters could be made, or hard 
copy obtained. 

Two modified Imed 927 infusion pumps were 
connected to the computer via an interface box. 
One was monitored by the computer and 
delivered an infusion of dextrose; the other was 
controlled, and infused Actrapid mono- 
component insulin 1 unit/ml polygeline. Al- 
though manually adjustable only in increments of 
1 ml/hour, the insulin pump could be controlled 
in steps of 0.1 ml/hour by being electrically 
switched rapidly between higher and lower rates. 
Computer control was only possible when the 
pump flow rate control was set to zero. Manual 
override was thus possible at any time, simply by 
setting a pump rate of more than zero. 


Insulin pump 
Glucose pump 





















Fig. 1. The layout of the computerised system. 
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=>Insulin mi/hour=28 oat 1U/m! 
Glucose ml/hour=70 at |O% 


BG at 14:52=5.3 Next BG=15:22 
Hit for menu Time=14:56 


Fig. 2. The appearance of the monitor screen while the 
system is running. If an alarm condition occurs, or to 
give instructions to the user, the graphical display is 
cleared. The cursor (= >) moves between the first three 
lines of text as an indication that the system is working. 
tess , Glucose infusion rate (GI) g/hour; @—@, blood 
glucose concentration (BG) mmol/litre; —, insulin rate 
(II) units/hour. 


A comprehensive set of inbuilt safety checks 
was made at intervals of, on average, 2 seconds. 
Flashing alarm messages or prompts were dis- 
played, with an audible tone, in the area of the 
computer screen normally occupied by the 
graphical display, to alert the user to the follow- 
ing conditions: estimation due shortly, estimation 
overdue, insert stick into Reflocheck, manual 
over-ride of insulin pump (e.g., setting of a non- 
zero rate), pump switched off, or connexions 
between computer and pump broken (e.g., plug 
out, broken wire), insulin or glucose pump alarm 
condition (e.g., line blocked, air in line, low 
battery; in the case of the insulin pump, the pump 
was stopped until the cause of the alarm had been 
removed and the pump reset), change in insulin 
strength required (insulin concentration was in- 
creased if the volume infusion rate exceeded 
30 ml/hour, to avoid the administration of ex- 
cessive volumes. It was decreased if less than 
2 units/hour were being given with a concentration 
of more than 1 unit/ml), error in Reflocheck (e.g., 
low battery if the mains power supply was not in 
use, or internal ‘electronic fault), interface box 
power supply failure, software error. 

If the computer power supply failed, the insulin 
pump stopped, the computer screen became 
blank and an audible, battery powered alarm 
sounded. It was never considered necessary 
to interfere with the computer’s management of 
the insulin infusion by manually setting a dif- 
ferent rate from that calculated by the computer. 


Blood glucose (mmol/l) 





Time (hours) 


Fig. 3. Blood glucose concentrations during operation, 

Values for all 12 patients are shown. Zero time is the 

time of the first blood glucose estimation, shortly after 

induction of anaesthesia. The single very high peak 

occurred after a bolus of dextrose had been given in 
error. 


Results 


Blood glucose concentrations during operation 
(Fig. 3) were within 2 mmol/litre of the target value 
of 6 mmol/litre in 65.7 per cent of samples. The 
mean value was 7.5 (SD 0.7) mmol/litre. Post- 
operatively, in the intensive care unit, 88 percent 
of samples were within 2 mmol/litre of the target 
value (Fig. 4). The mean value was 6.3 (SD 0.5) 
mmol/litre. Overall, 82.2 percent of results fell - 
within the desired range. 

Insulin infusion rates during operation (Fig. 5) 
varied from 0.5 to 80 units/hour. Postoperatively 
(Fig. 6), up to 80 units/hour were given. Blood 
glucose concentrations of less than 4.0 mmol/litre 
occurred on 15 occasions; in eight out of 172 
estimations during operation, and in seven out of 
480 estimations postoperatively. Six of these 15 
results were from one patient, a 62-year-old, 
insulin-dependent patient who had a coronary 
artery bypass graft. This patient also had the 
lowest single value recorded, of 2.1 mmol/litre. 
The highest single value of 22.8 mmol/litre was 
found immediately after 500 ml 5% dextrose had 
been given during operation, asa result of operator 
error. 

There were no intra-operative deaths. Three 
patients died after operation. One patient, a 51- 
year-old woman with a malfunctioning mitral 
prosthesis had a protracted postoperative course 
with hepatorenal failure and died 65 days post- - 
operatively. A second patient, a 64-year-old man 


ny nN 
(=) on 


G 


Blood glucose {(mmoi/1) 








Time (hours) 


Fig. 4. Blood glucose concentrations postoperatively. 
Zero time is the time of the first estimation on arrival 
in the intensive care unit. The lowest single value shown 
was caused by operator error (see text) and was 
followed by a much higher peak when the operator gave 
20 ml 50 percent dextrose intravenously, following the 
instruction given by the computer which had registered 
an erroneous value of 1.1 mmol/litre. 


Insulin infusion rate (units/hour) 





Time (hours) 


Fig. 5. Insulin infusion rates during operation. Values 
for all 12 patients. 


who had the emergency repair of VSD and 
a coronary artery bypass graft, following a 
myocardial infarction, died 20 days after opera- 
tion of persistent left ventricular failure. A third 
patient, a 47-year-old woman with severe general- 
ised arterial disease and end-stage renal failure 
left the intensive care unit the day after a 
coronary artery bypass graft but suffered further 
subendocardial infarction during the following 
night, and died in intractable ventricular fibrilla- 
tion. 

Eight of the 12 patients left the intensive care 
unit on the day following surgery, one left on the 
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Fig. 6. Insulin infusion rates postoperatively. Values 
for all 12 patients. 


second, and one on the third postoperative day. 

Survivors were discharged from hospital between 

6 and 22 days postoperatively (mean 10 days). 
Technical difficulties were very rare. One 


-estimation in the intensive care unit produced a 


blood glucose result of 1.1 mmol/litre after too 
vigorous wiping of the reagent stick had abraded 
most of the surface layer, and exposed the 
white backing material to cause an incorrect 
value. The patient was given 20 ml 50% glucose 
intravenously in accordance with the alarm 
message displayed by the computer as a result of 
the ‘hypoglycaemia’. 


Discussion 

The metabolic response to surgery and anaes- 
thesia includes increased secretion of cortisol, 
catecholamines, glucagon and growth hormone, 
and inhibition of insulin secretion. There is in- 
creased mobilisation of gluconeogenic pre- 
cursors, particularly amino acids, increased 
protein degradation, gluconeogenesis, glyco- 
genolysis, with enhanced lipolysis and insulin re- 
sistance.! These changes all lead to hyper- 
glycaemia, which, in the insulin-dependent 
diabetic patient, may be severe and accompanied 
by ketoacidosis. In the non-insulin-dependent 
diabetic patient, there may be milder changes due 
to the inability to generate appropriately high 
insulin secretion rates and the presence of insulin 
resistance. 

The desirability of maintaining good control of 
diabetes at the time of major surgery is well 
established. It is certainly as desirable during and 
after open-heart surgery. One study has shown 
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that, at the time of open heart surgery, diabetic 
patients who were well controlled using a Bio- 
stator, when compared with those in whom this 
was not used, showed a decreased incidence of 
dysrhythmias and low output syndrome, less 
difficulty with weaning from cardiopulmonary 
bypass, but were more prone to postoperative 
hypertension.* Operations involving cardio- 
pulmonary bypass are associated with large 
increases in insulin requirements. Normo- 
glycaemia can be maintained by insulin infusion, 
and metabolic acidosis, ketone body production, 
gluconeogenesis, and lipolysis can be pre- 
vented.” é 

The blood glucose concentration can be con- 
trolled very accurately by using the Biostator. It 
is not, however, a practical clinical tool. The alter- 
native, the use of a manually controlled insulin 
pump, requires close skilled attention because 
insulin resistance and endogenous glucose pro- 
duction may change rapidly by large amounts.? 
The method we describe overcomes these dif- 
ficulties. The initial aim of the study was to develop 
a set of instructions in the form of a chart, to help 
nursing staff to alter the insulin infusion rate ap- 
propriately in response to bedside blood glucose 
estimations. The magnitude of each of the factors 
in the chart (Table 2) and the range of blood 
glucose values to which it refers, were first set 
empirically, and have been altered subsequently 
to their present values as a result of experience 
using the method with a manually controlled 
insulin infusion. It was to assess the method in 
this manual form that the computer-controlled 
system was developed. The same factors used in 
the chart are used by the computer system. Other 
considerations were that the sample timing, 
arithmetical and rate-setting errors, which are 
made occasionally when the method is used 
manually, should be avoided. The manual system 
was designed to be as simple as possible because 
it may be used in units without access to the 
computer-controlled system. It is simple enough 
to fit on one side of A4 paper and can be used 
without prolonged training by nursing staff 
equipped with a pocket calculator. 

The target value for the blood glucose was, like 
the values of the factors in the chart, first set 
arbitrarily, since there is little agreement on the 
most desirable level. Our initial aim in earlier 
studies using the manual method was to keep the 
blood glucose between 7 and 10 mmol/litre, a 
compromise between avoiding excessive hyper- 


glycaemia while being quite safe from hypo- 
glycaemia. The use of the chart reduces the insulin 
infusion rate, whenever the blood glucose is low 
or falling rapidly, much more rapidly than it ever 
increases it, in order to avoid hypoglycaemia. 
Experience showed that hypoglycaemia was very 
infrequent, and for the present study a lower 
target value of 6 mmol/litre was chosen. Hypo- 
glycaemia has not been troublesome. 

The degree of accuracy achieved in control of 
the blood glucose in our study has been en- 
couragingly high, with 66 percent of blood 
glucose concentration results during operation, 
and 88 percent of values postoperatively, falling 
between 4 and 8 mmol/litre. The quality of 
control was even better than that achieved by 
Elliott et al.? or Kuntschen et al.,* both of whom 
used much more elaborate systems. Of the results 
quoted by Bowen ef al.” during minor surgery 
and obstetrical procedures with insulin- 
dependent patients, only 28.6 percent of values 
were within our target range of 4-8 mmol/litre. 
Forty-six percent were within their target range 
of 5-10 mmol/litre achieved by using glucose/ 
insulin/potassium solutions and measuring the 
blood glucose hourly. Even worse results have 
been reported by Gill ef al. in control of 
diabetes mellitus during open heart surgery. 

The hospital mortality of three patients out of 
twelve is high for the types of procedure involved. 
We do not, however, believe that this is 
related to the diabetic control; only one death 
occurred amongst the previous twenty-five 
diabetic patients operated upon in this unit 
during the previous two and a half years, using 
earlier versions of the chart and achieving com- 
parable accuracy of control. 

The upper limit of 80 units/hour, which was set 
on the insulin infusion rate at the start of the 
study, may seem too high. As a result of our 
experience using the chart to control the blood 
glucose during intravenous feeding, we now use 
an upper limit of 20 units/hour. Even on those 
occasions, during the current study, when the 
insulin infusion rate was falling after a period at 
this very high insulin infusion rate, hypogly- 
caemia did not occur. 

The method in each of its forms is simple, 
reliable, effective and safe. It is well liked by the 
nursing staff who prefer to use the computerised 
version. We suggest that it represents a major 
advance in the care of diabetic patients, for whom 
metabolic control is mandatory both at the time 


= 


of major surgery and postoperatively, by making 
accurate control easy. 
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Anxiety levels in junior anaesthetists 
during early training 


C. A. PINNOCK, A. E. ELLING, R. J. EASTLEY anp G. SMITH 


Summary 


Trait anxiety levels (predisposition to anxiety) and personality profiles were recorded in four novice 
anaesthetists prior to the start of their training in anaesthesia. State anxiety (the extent of anxiety at the 
moment of testing) was also assessed before and after the transition from accompanied to solo anaesthetic 
practice. There was no demonstrable difference in anxiety scores as a result of ‘going solo’ in any subject. 


Key words 
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It is generally held that the practice of anaesthesia 
is stressful and that working practice is accom- 
panied by a degree of anxiety which varies 
according to the type of anaesthesia undertaken, 
the condition of the patient and the extent of 
surgery, as well as the personality of the in- 
dividual practitioner.’ 

Training in anaesthesia in the majority of 
centres in the United Kingdom takes the form of 
an introductory period of approximately 3 
months duration, during which the novice is not 
permitted to practise anaesthesia unless accom- 
panied by a senior colleague. Thereafter, the 
trainee is allowed to practise, progressively un- 
accompanied, on relatively healthy patients 
undergoing surgery of increasing duration and 
complexity. It is reasonable to assume that the 
onset of solo practice is likely to be accompanied 
by an increase in the anxiety level of the novice. 
This hypothesis has been tested on four new 
trainee anaesthetists. They were examined over 
their introductory 3-month course and into ‘flying 


solo’ by the use of the S-R Inventory of General 
Trait Anxiousness (SRGTA),? Spielberger State 
Trait Anxiety Index (STAI)? and Multiple Affect 
Adjective Check List (MAACL).* Since it has 
been suggested that personality types having a 
high level of trait anxiety may respond with 
greater increases in state anxiety during stressful 
situations, we have related state anxiety to trait 
anxiety for each individual. 

Personality variables are known to play a 
major role in job performance and satisfaction. In 
order to relate the personality of the subjects to 
their anxiety levels, the Cattell 16 PF form A was 
applied to provide a personality factor profile for 
each volunteer. 


Methods 


Four male subjects aged 24-28 years volunteered 
to participate in the study. These four individuals 
represent the Anaesthetic Senior House Officer 
intake for Leicester in August 1984 and the 
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opportunity was taken to study these through 
their common training. The volunteers were not 
informed of the purpose of the study. Each of the 
assessments was supervised by one of the authors 
(CAP), who had no infiuence on the training that 
the volunteers received. All subjects were devoid 
of experience in anaesthesia and had entered the 
specialty from preregistration posts or unrelated 
disciplines. Assessment of the subjects was under- 
taken each Wednesday at 13.00 hours during the 
3-month introductory course. On each occasion, 
the following tests were applied in random order: 
Spielberger State Trait Anxiety Index form X1 
(for state anxiety) and Multiple Adjective Affect 
Check List (MAACL). On each of these test 
occasions, arterial pressure and heart rate were 
recorded using a Copal semi-automated 
sphygmomanometer system. 

On the first test occasion, the SRGTA was also 
applied together with the Spielberger STAI-Form 
X2, to measure the trait anxiety of each in- 
dividual. The Spielberger State Trait Anxiety 
Index? consists of two portions, designed to 
measure anxiety state and anxiety trait respec- 
tively. Anxiety trait is a measure of an individual’s 
proneness to anxiety whereas anxiety state is a 
measure of the individual’s anxiety level at that 
particular time. Each portion of the test comprises 
20 descriptive statements which subjects have to 
endorse using a four-point scale. STAI measure- 
ment of both state and trait anxiety has been 
thoroughly validated and normal ranges for 
different populations have been published. 
Scoring was accomplished using the STAI 
manual? and higher numerical scores indicate 
increased anxiety in both trait and state measures. 

The Multiple Affect Adjective Checklist* is a 
large adjective checklist which has been designed 
to record the level of three components of 
affect—anxiety, depressian and hostility. Only the 
anxiety component was examined in this study. In 
this test, subjects have to select adjectives which 
they feel are applicable at that time. Scoring was 
accomplished in the recommended manner, 
whereby ‘anxiety present’ words score | if selected 
and ‘anxiety absent’ words score | if not selected. 
As the MAACL has 11 anxiety present and 10 
anxiety absent words the maximum anxiety score 
is 21. Wassenaar® has listed the adjectives in each 
category and showed this test to be of use in the 
measurement of anxiety state in pre-operative 
patients. The S-R Inventory of General Trait 
Anxiety presents four situations: interpersonal 
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(meeting new people), physical danger, ambigu- 
ous (in a new situation) and innocuous (daily 
routines). Each of these four posed situations has 
15 associated statements which subjects must 
endorse on a 5 point scale. Thus, a measure of 
anxiety trait can be obtained from the total score 
and the four individual components of the total 
may be studied. 

On commencing ‘solo’ on-call responsibilities, 
testing was carried out at 09.00 hr in the same 
location as used previously, at the onset of each 
24-hour on-call period for immediate duties. This 
was continued for the first six on-call nights (the 
rota being 1 in 5). Subsequently, STAI X1 forms 
were completed for the following five on-call 
periods, in the anaesthetic room itself prior to 
inducing the first emergency case of the day. 

On completion of the study the Cattell 16 
Personality Factor Form A was completed by 
each subject.” This is a complex questionnaire 
which yields a score for each of sixteen personal- 
ity factors. The scores obtained can be compared 
with normative data on various populations. The 
short form of the 16 PF (form C) has been applied 
to a sample of anaesthetists by Reeve.® The 
Cattell 16 PF test has been thoroughly documen- 
ted internationally,® and shown to be of use in 
selection committees. Although Reeve® used the 
Cattell 16 PF form C on anaesthetists, the more 
comprehensive form A is designed for literate and 
more intelligent subjects, so it was decided that it 
would be more appropriate for use in this 
instance. 


Resalts 


Mean STAI and MAACL measurements were 
calculated for each individual over each of the 
three periods—‘training’ (accompanied practice), 
‘on-call’ (prior to the start of an on-call day) and 
‘anaesthetic room’ (prior to inducing anaesthesia) 
and compared with the training levels using the 
unpaired t-test (Table 1). No significant dif- 
ferences were found. Arterial pressure and heart 
rate data were compared using the unpaired t- 
test. There were no significant changes in these 
parameters in any individual over the study 
period. 

On the test occasion during week seven of the 
introductory course, all subjects showed an in- 
creased STAI score accompanied by an increase in 
MAACL which was, however, not maintained 
into the following week. It was discovered that 
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Table 1. Mean anxiety scores for each subject over the three periods 


State Trait Anxiety Index Multiple Affect Adjecture Check list 
(STAD (MAACL) 
Subject Training On-call Anaesthetic room Training On-call 
A 44.5 41.8 41.8 8 9 
B 39.0 36.0 40.0 7 7 
Cc 33.0 32.0 32.0 7 6 
D 35.0 38.6 35.8 7 8 
Table 2. Trait anxiety scores of the subjects 
S-R Index of General Trait Anxiousness (SRGTA) State Trait Anxiety Index (STAI) 
Subject Interpersonal Danger Ambiguous Innocuous 
A 14 18 16 14 40 
B 13 29 22 Il 38 
C 10 14 18 13 31 
D 18 13 23 20 45 
Normal adult 
male sample 
mean (SD) 22 (5.8) 31 (7.0) 25 (6.0) 19 (5.8) 38 (8.0) 
i Tralning On-call Angesthetic room 
4 


STAI/MAACL score 
nN 
a 








2345 678689 0T 











12 13 14 15 16 I7 18 I9 20 al 22 


Test occasion 


Fig. 1. Changes in state anxiety recorded by STAI and MAACL (mean scores) over 
the three periods: ‘training’ (accompanied practice), ‘on-call’ (prior to starting an on- 
call day) and ‘anaesthetic room’ (prior to inducing anaesthesia). -—-, STAI; 





3 


prior to the test on week seven, a verbal discip- 
linary warning had been delivered to the subjects 
by the head of department. This appears to 
validate the accuracy of the tests in recording 
changes in state anxiety. However, as these results 
were not typical of a normal working day they 
were eliminated from the calculation of mean 
scores to avoid bias. 


MAACL. 


Discussion 
Trait anxiety for three of the subjects was within 
one standard deviation of the reported mean for 
‘normal’ adult males, as measured by STAI, but 
subject C had a lower than expected score 
(Table 2), Within the different categories of the 
SRGTA, subjects A, B and C had a low score for 


Table 3. Factors in the 16 PF in which the four subjects 
were considered strongly deviant 


Subject Sten Factor 
A 10 B 
3 E 
10 F 
8 I 
8 Ql 
B 3 A 
9 B 
8 E 
1 I 
2 N 
3 Ql 
8 Q3 
Cc 10 B 
3 E 
10 F 
8 I 
8 M 
8 Q 
D 3 A 
8 C 
10 E 
8 F 
8 L 
I (0) 
3 Q3 
8 Q4 


the interpersonal situation (that is to say outside 
of one standard deviation of the reported normal 
range), subjects A and C had a low score for the 
ambiguous situation but only subject B had a low 
score for the innocuous situation (daily routines) 
from which it might have been expected that this 
subject would show lesser changes in state anxiety 
than his colleagues. In fact, the magnitude of 
changes in state anxiety over the test periods was 
comparable in all four subjects. Subjects A, C and 
D exhibited low anxiety levels for the physical 
danger situation, C and D particularly so. 

The previously described correlation between 
SRGTA Interpersonal Situation and STAI has 
been confirmed,’ the rank order of trait anxiety 
for the subjects being the same in both these 
assessments. All subjects showed the same pat- 
tern of A-state response over the 16-week period 
(Fig. 1). No increase in state anxiety occurred on 
transition from accompanied practice to ‘solo’ 
(Table 1). It is interesting to note the sharp change 
in anxiety scores for both STAI and MAACL in 
week seven which was seen in all four subjects in 
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response to the disciplinary interview, which 
indicates that both tests have sufficient sensitivity 
to record acute A-state changes. Subject C, whose 
A-trait was less than ‘normal’, showed no dif- 
ference in A-state changes when compared with 
his colleagues. It would thus appear that the 
anticipation of anaesthetic practice is not an 
anxiety provoking event. 

It was considered likely that A-state, if 
measured in the anaesthetic room prior to a 
demanding case, would be elevated above ‘nor- 
mal’. Accordingly, the study was continued for a 
further five on-call days. For simplicity, subjects 
filled in the STAI only in the anaesthetic room, 
immediately prior to inducing their first emer- 
gency case of the day. It is interesting to note that 
no increase in state anxiety occurred during this 
time and the scores for training, on-call and 
anaesthetic room were not significantly different, 
nor were there any changes in the more objective 
measurements of heart rate and arterial pressure. 

The Cattell 16 PF scores are expressed as 
‘stens’, that is on a scale of 1-10, after being 
corrected for a normal distribution. The raw 
scores were corrected by use of the normative 
data published from a large sample of British 
males.'° Each factor in the 16 PF yields a sten 
between 1 and 10 and a value of 5.5 there- 
fore corresponds to the population mean in the 
norm scales.!° Stens of 5 or 6 are half a standard 
deviation below and above the mean, respectively 
while stens of 1 or 10 are two and a half standard 
deviations removed from the mean. The hand- 
book to the 16 PF® states that stens of 4 or 7 on 
a factor are considered slightly deviant, whereas 
stens of 2/3 or 9/10 are strongly deviant. The 
factors in which the four subjects in this study 
showed strong deviance are listed in Table 3 (the 
16 PF factors are listed in the appendix to this 
article). 

A wide variation in personality profile was ap- 
parent between the subjects. Reeve® states that, in 
comparison to the general public, anaesthetists 
are less outgoing (factors A, H), brighter (B), 
more dominant (E), more serious (F), less sure 
(O), more self sufficient (Q2) and more tense (Q4). 
Table 3 demonstrates that this profile is not 
matched by each of these subjects. Using the 
‘stability index’ proposed by Reeve (a cluster of 
factors C, F, O and Q4), all four subjects exceeded 
the minimum cumulative score of 16 and may 
thus be designated ‘stable’. The O factor (con- 
fident—unsure) was considered to be most likely to 


262 C.A. Pinnock et al. 


correlate with trait anxiety and the rank order of 
subjects for this factor (subject D-sten 1, B-4, A- 
5, C-6) correlates well with the rank order of 
STAI trait anxiety scores. 

It is concluded, therefore, that with subjects 
who fall within one standard deviation of their 
predicted trait anxiety, a 3-month introductory 
course of training permits the junior anaesthetist 
to practise independently, without undue anxiety. 
However, it would be interesting for those depart- 
ments which utilise a shorter accompanied 
training period to determine if anxiety levels are 
augmented by the assumption of independent 
practice. 
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Appendix 


Descriptive statements of each factor of the 16 PF ex- 
pressed as a continuum between two extremes. 


(A) Reserved—Outgoing 

(B) Less intelligent—-More intelligent 
(C) Affected by feelings-Emotionally stable 
(Œ) Humble-Assertive 

(F) Sober-Happy go lucky 

(G) Expedient-Conscientious 

(H) Shy—Venturesome 

(Œ) Tough minded-Tender minded 
(L) Trusting-Suspicious 

(M) Practical-Imaginative 

(N)  Forthright-Shrewd 

(O) Self assured—Apprehensive 

(Q1) Conservative-Experimenting 
(Q2) Group dependent—Self sufficient 
(Q3) Undisciplined—Controlled 

(Q4) Relaxed—-Tense 
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Meptazinol versus pethidine for postoperative pain relief in children 


S. A. RIDLEY, N. C. MATTHEWS anD J. DIXON 


Summary 

A double-blind, randomised, clinical trial was undertaken comparing intramuscular meptazinol (1 mg/kg) 
with intramuscular pethidine (1 mg/kg) for the relief of post-tonsillectomy pain, in 100 children under 15 
years of age. Pethidine provided better analgesia in those patients who were awake after 30 minutes, but 
thereafter no statistically significant differences between the degree of pain relief could be detected. 
Meptazinol caused less sedation than pethidine, in that significantly more patients were awake after 40 
minutes in the meptazinol group. The incidence of nausea and vomiting was similar in patients of both 


groups. 


Key words 


Pain; postoperative. 
Analgesics, narcotic; pethidine, meptazinol. 


Meptazinol is a potent, centrally-acting analgesic 
with opioid antagonist properties. However, 
certain features of its pharmacology, such as a 
low incidence of respiratory depression! and an 
equi-analgesic efficiency of the dextro- and laevo- 
isomers, are atypical of the commonly used 
opioids. In adults, meptazinol has been shown to 
be equi-analgesic with pethidine following 
abdominal and orthopaedic operations.? The 
relative lack of respiratory depression as com- 
pared with pethidine is an obvious advantage. 

Meptazinol has not been studied as an anal- 
gesic in children, and hence we decided to com- 
pare its analgesic efficacy with that of pethidine 
in children undergoing tonsillectomy. 


Methods 
One hundred children in whom tonsillectomy 


alone, or combined with adenoidectomy or 
insertion of grommets, were studied. Informed 
parental consent was obtained and the study was 
approved by the hospital Ethical Committee. All 
patients were aged less than 15 years old and 
medically fit. 

The children were premedicated with trime- 
prazine 3 mg/kg, up to a maximum dose of 120 
mg, 2 hours prior to the induction of anaesthesia. 
On arrival in the anaesthetic room, anaesthesia 
was induced with thiopentone 5 mg/kg and 
tracheal intubation was facilitated by suxa- 
methonium 2 mg/kg. Anaesthesia was main- 
tained with halothane (1-3%) and 33% oxygen in 
nitrous oxide. Any other drugs, such as atropine, 
were given at the discretion of the anaesthetist 
and noted. At the end of surgery, the inhalational 
agents were discontinued and the patient’s 
trachea extubated. An intramuscular injection 
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in the lateral compartment of the thigh of either 
meptazinol or pethidine (1 mg/kg in both cases) 
was then given in a double-blind, randomised 
fashion, such that 50 patients received each drug. 

During recovery, the following times from the 
injection of analgesic drug to each event were 
recorded: time to protrude airway, time to stir 
(defined as an obvious purposeful movement), 
time to vocalise, either words or groan. At 30, 60, 
120 and 240 minutes after the injection of anal- 
gesic drug a note was made of pulse rate, 
respiratory rate, objective assessment of the 
child’s pain using a 10-cm linear analogue scale 
(ranging from no pain, 0, to severe pain, 10) 
and a five point verbal scale (Table 1). 

Patients were seen on the first postoperative 
day and an assessment of the overall efficiency of 
the pain relief achieved was made and graded as 
follows: excellent if only one injection of analgesic 
was given, the patient was eating normally and 
denied that the throat had been painful; satis- 
factory, as above, except that the child com- 
plained the sore throat was for them as bad as an 
attack of tonsillitis; poor, if a further injection of 
analgesic was required or the child had been 
distressed and admitted that the pain was worse 
than any previous tonsillitis. 

The observations were made by one of the in- 
vestigators, either in the recovery area or later on 
the main ward. If the initial dose of analgesic 


Table 1. Grading system for objective pain assessment 
Grade Description of patient 

Asleep 

Awake and calm 

Awake and agitated 

Crying intermittently 

Crying continuously 





Aa WN 


provided inadequate pain relief, then a further 
injection of pethidine (1 mg/kg) was given intra- 
muscularly. 

The results were analysed with the appropriate 
Student’s t-test, Chi squared test and Wil- 
coxon’s rank sum test. 


Results 


There were no significant differences between the 
groups with regard to age, weight, time of pre- 
medication prior to surgery, duration or type of 
operation, (Table 2). 

Recovery from anaesthesia as judged by the 
time of stirring positively, protruding airway and 
vocalising is shown in the cumulative frequency 
graphs in Figs 1-3. In both groups, 70% of the 
patients had recovered in one hour, but at 40 
minutes significantly more of the meptazinol 
group were awake (p<0.05). Table 3 shows the 
mean of pulse and respiratory rates at 30, 60, 120 
and 240 minutes after the injection of analgesic. 
There is no significant difference between the two 
groups with regard to these two measurements. 

The degree of analgesia provided, as recorded 
on the visual analogue scale, is shown in Fig. 4. 
In those patients who were awake, the visual 
analogue scales have been grouped and displayed 
as histograms. There was no significant difference 
between the degree of analgesia at any time 
between the groups, except at the initial 30 minute 
assessment, where the patients who had received 
pethidine had lower scores (better analgesia) 
than those who received meptazinol. Comparison 
between the objective assessment of pain using 
the five point verbal scale did not detect any 
significant difference between the groups at any 
time (Table 4). 


Table 2. Patients’ age, weight, time of premedication, duration 
of surgery and procedure in both groups (mean, SD) 





Age (years) 
Weight (kg) 


Time of premedication 


(in minutes before induction) 


Duration of operation 
(minutes) 

Type of operation 
Tonsillectomy alone 
Adenotonsillectomy 
Adenotonsillectomy and 

insertion of grommets 


Pethidine Meptazinol 
9.0 (3.8) 8.2 (3.3) 
34.7 (14.6) 31.6 (15.4) 
122 (19.9) 122 (23.7) 
25.7 (8.7) 24.5 (7.6) 
23 16 
15 25 
12 9 
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Fig. 1. Cumulative frequency showing the number of patients who had stirred 
positively against time in minutes after analgesic injection. @, Pethidine group; 
meptazinol group. 
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Fig. 2. Cumulative frequency showing the number of patients who had pro- 
truded their airway against timein minutes after analgesicinjection. @, Pethidine 
group; meptazinol group; *, p<0.05. 
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Fig.3. Cumulative frequency showing the number of patients who had vocalised 
against time in minutes after analgesic injection. @, Pethidine group; x, 
meptazinol group; *, p<0.05. 
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Table 3. Respiratory rate (mean, SD) varying with time after anal- 





gesic injection 
Time after injection (minutes) 
30 60 120 240 
Pethidine 19.0 (3.9) 19.3 (4.1) 18.4 (4.3) 18.8 (3.9) 
Meptazinol 18.9 (3.5) 18.5 (3.5) 18.6 (3.1) 19.3 (2.8) 


Heart rate (mean, SD) varying with time after analgesic injection 


Time after injection (minutes) 








30 120 240 
Pethidine 107 (19) 103 (17) 103 (20) 107 (19) 
Meptazinol 109 (15) 105 (18) 104 (17) 107 (14) 
100 
30 minutes 60 minutes 
75 


3 
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Visual Analogue Pain Relief Scores 


Fig. 4. Histograms showing the visual analogue pain relief scores of those patients who had recovered from anaesthesia 
at 30, 60, 120 and 240 minutes after analgesic injection. [], Pethidine group; Ml, meptazinol group; *, p<0.05. 


At the follow-up visit the next day, there was 
no significant difference between the efficacy of 
the overall level of analgesia provided (Table 5), 
the incidence of nausea/vomiting and additional 
pain relief required (Table 6). Nineteen patients 
were lost to follow-up. 


Discussion 


Pethidine provided better analgesia in 
those patients who recovered quickly after anaes- 
thesia when assessed by means of the visual 
analogue scale. This may be a reflection of the 


È. 


Table 4. Distribution of objective assessment grades of 
patients in both groups varying with time after analgesic 
injection. Pethidine group (P); meptazinol group (M) 


Time after analgesic injection (minutes) 
30 60 120 240 








Grade P M P M PM PM 
l 10 8 I8 21 36 37 39 35 
2 5 8 146 9 8 8 8 10 
3 1 3 2° 32 22-0 12 2 5 
4 2 7 1 6 4 3 I 4 
5 0 0 0 0 0 0 0 1 
No. of 
patients 
awake 18 26 37 39 50 50 50 50 


Table 3. The distribution of assessment of overall 
efficacy of pain relief between pethidine and meptazinol 


Degree of pain relief 


Group Excellent Satisfactory Poor 
Pethidine 7 30 4 
Meptazinol 4 28 8 


19 patients were lost to follow up. 


Table 6. Incidence of side effects in the two groups 


Group Nausea/vomiting Inadequate analgesia 
Pethidine 3 2 
Meptazinol 4 3 





different pharmacokinetic properties of the two 
drugs, in that intramuscular pethidine has an 
onset of action within 10 minutes,? while that of 
meptazinol is slightly longer.* Both agents, when 
given intramuscularly, have a peak effect at one 
hour and subsequent assessments with both the 
objective pain scale and visual analogue scale 
show meptazinol and pethidine to be equally 
effective. The fact that a difference in analgesia 
was detected on the visual analogue scale but 
not the objective pain scale may reflect the greater 
sensitivity of the former as a means of assessment. 

The similarity in analgesic efficiency is also 
demonstrated by the lack of difference between 
the respiratory and pulse rates in the two groups, 
if these two measurements are used as objective 
data in the assessment of pain relief. Simple 
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recording of the respiratory rate is not sufficiently 
sensitive to show any minor changes in respir- 
atory function due to drug induced respiratory 
depression. Therefore, no conclusion regarding 
respiratory function in these children could be 
made, except that profound respiratory depres- 
sion was not seen in either group. 

A previous study in adults showed that mep- 
tazinol caused less sedation than pethidine, 2% 
compared with 8%,5 and the significantly greater 
number of patients awake in the meptazinol 
group at 40 minutes could support this. However, 
the incidence of nausea and vomiting after the 
two drugs was similar and our results support 
this. 

We conclude that, allowing for the longer onset 
of action of meptazinol, pethidine and mep- 
tazinol in the dosage used are equally effective in 
providing pain relief for this type of surgery in 
children. However, the faster initial recovery and 
consequent return of the protective reflexes in 
patients who received meptazinol is a positive 
advantage after surgery on the upper airway. This 
may make meptazinol a more suitable drug. 
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Influence of induction of anaesthesia with midazolam on the 
neuro-endocrine response to surgery 


D. DAWSON anp J. W. SEAR 


Summary 


The effect of midazolam, for induction of anaesthesia, on the glycaemic and adrenocortical responses to 
lower pelvic surgery in female patients has been studied and compared with a comparable group of patients 
receiving thiopentone. Although midazolam has been shown to obtund adrenaline and noradrenaline release 
to electrical or surgical stress in the rat and dog, there was no blunting of the glycaemic response to surgery 
in man. Plasma cortisol levels in response to surgery and anaesthesia were comparable in the two groups 


of patients. 


Key words 


Metabolism, glucose. 
Hormones, corticosteroid. 


Among recent methods investigated for the 
attenuation of the stress response to surgery and 
trauma is the use of endocrine manipulation (by 
infusions of insulin, or the administration of 
etomidate) to inhibit the release of catabolic 
hormones.!~3 The increased levels of cate- 
cholamines seen following surgical stress have 
been implicated as the cause of the hyper- 
glycaemic response to surgery, through a failure 
of insulin secretion.**> In the rat, the water 
soluble benzodiazepine midazolam diminishes 
the adrenal response to electrical stress, probably 
as a consequence of the drug’s centrally mediated 
anxiolytic action.® If midazolam were shown to 
suppress the adrenal cortex and/or medulla 
responses in man, it might provide a beneficial 
effect to the surgical patient. 

There are, however, no reported data on the 
influence of midazolam as an induction agent 


upon the neuro-endocrine response to surgery. 
This study describes a comparison with thio- 
pentone in twelve premenopausal women under- 
going abdominal hysterectomy. 


Methods 


Twelve women scheduled to undergo total 
abdominal hysterectomy were studied after they 
had given their informed consent to the sampling 
of blood. Ethical approval for the study was 
obtained from the local Hospital Ethics Com- 
mittee. No patient had any serious medical dis- 
order, and none were receiving any intercurrent 
medication or were clinically postmenopausal. 
All patients had values in the normal range for 
pre-operative haematology and biochemistry 
analyses. Patients studied were either first or 
second on a morning operating list to avoid any 
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influence of the normal diurnal variation of 
hormone concentrations. 

Following premedication with oral diazepam 
10 mg 2 hours before surgery, anaesthesia was 
induced with thiopentone 4-5 mg/kg or mid- 
azolam 20 mg, and then maintained with 67% 
nitrous oxide in oxygen supplemented by 0.2% 
inspired concentration of enflurane. Analgesia 
was provided by fentanyl 3 ug/kg and neuro- 
muscular blockade by alcuronium 0.25 mg/kg. 
Patients’ lungs were ventilated using a Bain 
system, with a fresh gas flow of 70 ml/kg/minute 
and a tidal volume of 10 ml/kg. Allocation to 
receive thiopentone or midazolam was on a ran- 
dom basis. 

Intra-operatively, the electrocardiogram and 
heart rate were monitored continuously, and 
blood pressure measured by the Dinamap auto- 
matic recorder. Fluid administration was with 
Hartmann’s solution, 5 ml/kg/hour. No patient 
required blood. At the end of surgery, residual 
neuromuscular blockade was reversed with intra- 


Table 1. Patient and anaesthesia data. Mean values 
(SEM). Six patients in each group 


Midazolam Thiopentone 
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venous atropine 1.2 mg and neostigmine 2.5 mg. 
Postoperative analgesia was provided by intra- 
muscular papaveretum 10-15 mg. 


Blood sampling 


Blood was collected without use of a tourniquet 
before induction of anaesthesia (sample 1), at the 
end of surgery (sample 2), at 4 hours (sample 3), 
at 10 hours (sample 4), and at 24 hours (sample 
5) after induction of anaesthesia. Samples were 
taken from a peripheral venous cannula and col- 
lected into tubes containing lithium heparin and 
fluoride-oxalate anticoagulants. The samples 
were immediately placed in melting ice, centri- 
fuged within 2 hours of collection, and the plasma 
was separated and stored frozen. Plasma glucose 
was measured using a Beckman glucose analyser 
(based on the glucose oxidase reaction) and 
cortisol by a standard radio-immunoassay 
(Bioanalysis, Cardiff, Wales). 

Statistical analysis was by the Wilcoxon 
matched pairs signed ranks test for a change 
within a group with respect to time; the Mann- 
Whitney U test was used for differences between 
groups with time. Data are shown as mean and 
standard error of the mean (SEM) unless other- 


Age (years) 39.8 ( 3.9) 41.2 (1.2) wise stated. 
Weight (kg) 62.9( 5.2) 61.5 (3.9) 
Time from premed. to 
induction (minutes) 114.7 ( 4.7) 109.2 (9.6) Results 
Duration of anaesthesia 
(minutes) 90.7 (15.2) 79.8 (7.8) There were no significant differences between the 
Duration of surgery O =6in i 
Guinea) 733(129) 64503 two groups (n = 6 in each group) for age, weight, 


time from premedication to induction of anaes- 


Table 2. Plasma glucose (mmol/litre) and plasma cortisol (nmol/litre) levels in the two 

groups of patients receiving either midazolam or thiopentone for induction of anaes- 

thesia. Mean values (SEM). Comparison within groups by Wilcoxon matched pairs 
signed ranks test, and between groups by the Whitney Mann U test. 
Significance 

Midazolam Thiopentone Midazolam vs thiopentone 





Glucose 

SI (pre-induction) 4.68 (0.12) 4.53 (0.27) NS 
S2 (at end of surgery) 6.57 (0.34)** 6.02 (0.43)** NS 
S3 (at four hours) 7.42 (0.66)** 7.48 (1.14)** NS 
S4 (at ten hours) 8.78 (0.19)** 9.85 (1.39)** NS 
S5 (at twenty four hours) 6.62 (0.35)** 5.73 (0.53)** NS 
Cortisol 

Si 46i (82) 303 (52) NS 
$2 880 (78)** 852 (46)** NS 
$3 1178 (81)** 1098 (81)** NS 
S4 1024 (63)** 953 (119)** NS 
$5 754 (109) 459 (84) p = 0.032 





**, p<0.01; NS, not significant. 
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thesia, or duration of anaesthesia or surgery 
(Table 1). Anaesthesia was induced in all patients 
between 08.00 and 09.30 hours; the thiopentone 
group received a mean dose of thiopentone of 
259 mg (SEM 8 mg). Anaesthesia was clinically 
uneventful in all patients. 

Hormone and glucose concentrations are 
shown in Table 2. Plasma cortisol concen- 
trations rose in both groups, and were sig- 
nificantly greater than at induction of anaesthesia 
in samples 2—4 (p <0.01). The cortisol levels at 24 
hours were not significantly different from pre- 
induction values in either group, although the 
concentration in the midazolam group was 
significantly greater than that in the thiopentone 
group (p = 0.032). 

Plasma glucose concentrations rose signifi- 
cantly during and after operation in both groups 
of patients. There was no difference between 
groups at any sample time, and the glycaemic 
response to surgery persisted for up to 24 hours. 


Discussion 

Why should we want to develop anaesthetic tech- 
niques that suppress the normal neuro-endocrine 
response to surgery? Kehlet” has shown that if 
the glycoregulatory responses are obtunded, an 
improved postoperative nitrogen balance may 
result. Several techniques have been success- 
fully employed to block the peri-operative 
increases in adrenal steroid secretion. These 
include extensive extradural anaesthesia,® large 
doses of opioids,?~'! extradural morphine or 
diamorphine!?:!3 and intrathecal morphine.!* In 
addition, etomidate by infusion will obtund the 
response for up to 24 hours,!* but this latter 
technique is accompanied by a failure of ad- 
renocorticotrophic hormone (ACTH) to increase 
the plasma concentration of either cortisol or 
aldosterone significantly. !° 

Sympathetic stimulation during surgery 
results in increased glycogenolysis, lipolysis and 
gluconeogenesis. In addition, there is evidence 
that adrenergic receptor activity may also in- 
fluence ACTH and cortisol release.17 Reduction 
of the glycaemic response requires blockade of 
both «, and £$ receptors; studies have shown the 
hyperglycaemia to be abolished by extradural 
analgesia,1® and « adrenergic blockade,'® and the 
onset to be delayed by labetalol.?° 

Midazolam, a water soluble benzodiazepine 
has been shown in man to reduce pre-induction 


antidiuretic hormone levels when used as over- 
night pre-operative sedation.? In the dog, 
midazolam obtunded the increase in adrenaline 
and noradrenaline in response to the stimulus of 
surgery.?? However, despite the postulate of 
Glisson and his colleagues that midazolam in sub- 
anaesthetic doses inhibits catecholamine release 
through a central GABA interaction,*? our study 
shows that the glycaemic response to surgery is 
not obtunded in man. If midazolam does reduce 
catecholamine release in man, stress hyper- 
glycaemia may still result from direct stimulation 
of sympathetic nerves to the liver. 

That midazolam has no effect on the adreno- 
cortical response to surgery is not surprising. 
Engquist ef al.® have shown the cortisol 
response to surgery to occur unless both 
afferent somatic and autonomic pathways are 
blocked. However, Niv et al.?? showed intra- 
thecal midazolam to have an antinociceptive 
effect when supramaximal electrical stimulation 
is applied to the tibial nerve of the dog and the 
evoked responses are recorded in the renal 
sympathetic nerves. This may be the result of a 
local effect at the site of the intrathecal injection 
on GABA activity. 

Thus, use of intravenous midazolam for the 
induction of anaesthesia in ill surgical patients 
would appear to be an alternative agent to thio- 
pentone from a haemodynamic point of view?3-?4 
and without the suppressive effects on adreno- 
steroidogenesis seen with etomidate.?5 Whether 
any reduction in the glycaemic response will 
occur with larger intravenous doses or an in- 
fusion of midazolam is not known, nor whether 
the effect of any reduction is too short lived to be 
detected by the present sampling regimen. 
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Blood glucose in anaesthetised children 


Comparison of blood glucose concentrations in children fasted for morning and afternoon surgery 


NANCY REDFERN, G. M. ADDISON and G. MEAKIN 


Summary 


Blood glucose levels were measured immediately after induction of anaesthesia and again intra- 
operatively in 26 children fasted overnight for operations in the morning and 28 children fasted from 
8.00 a.m. for afternoon surgery. The mean post-induction glucose concentration of the afternoon surgery 
group was significantly lower than that of the morning group. However, no child in either group 
was hypoglycaemic. Anaesthesia and surgery caused significant increases in blood glucose levels. It 
is concluded that pre-operative fasting is well tolerated in healthy pre-school children, regardless of 


the timing of surgery. 


Key words 


Anaesthesia, paediatric. 
Complications, hypoglycaemia. 


Studies of the effects of pre-operative starvation 
on blood glucose levels in children have produced 
apparently conflicting results. Thomas! found 
that five out of 18 surgical inpatients aged less 
than 4 years were hypoglycaemic after fasting 
for 8-10 hours from 06.00 hours. However, in 
a subsequent study at the same institution, 
Graham? was unable to demonstrate hypo- 
glycaemia in any of 31 surgical outpatients aged 
less than 5 years who were fasted overnight. 
This led to suggestions that perhaps inpatients 
differed from outpatients with regard to glucose 
homeostasis, or that an overnight fast might 
be better tolerated than one undertaken during 
the day. 

The first of these hypotheses was examined 
by Jensen et al., who compared pre-operative 
glucose concentrations in children aged between 


6 months and 9 years undergoing inpatient and 
outpatient surgery in the morning. These authors 
found no difference in pre-operative blood glucose 
concentrations between inpatients and out- 
patients, and only one case of hypoglycaemia 
in 92 patients fasted overnight. 

The purpose of the present study was to deter- 
mine whether children operated on in the after- 
noon were at greater risk of developing 
hypoglycaemia than those operated on in the 
morning. 


Methods 


Two groups of healthy children aged between 
l and 5 years, undergoing elective minor surgery 
were studied. The protocol for the study was 
approved by the Hospital Ethics Committee and 
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verbal consent was obtained from a parent. 
Twenty-six children were fasted overnight for 
operations in the morning (morning group), and 
28 children were given a breakfast of cereal 
and milk and then fasted from 08.00 hours for 
afternoon surgery (afternoon group). Infor- 
mation was collected about the time and nature 
of the last food or drink and the childrens’ 
weights were recorded. 

Patients received either no premedication, 
trimeprazine 3 mg/kg orally 2 hours before 
operation, or temazepam | mg/kg orally 1 hour 
before operation. Anaesthesia was induced with 
thiopentone 4-8 mg/kg, followed by suxa- 
methonium 1-2 mg/kg and atropine 15 pg/kg. 
Tracheal intubation was carried out and anaes- 
thesia maintained with nitrous oxide, oxygen 
and halothane. Six children, three in the morn- 
ing group and three in the afternoon group, 
who required anaesthesia for more than 45 
minutes, received a long acting muscle relaxant 
and their lungs were ventilated. 

Two samples of venous blood were withdrawn 
for glucose estimations, the first immediately 
after induction of anaesthesia (post-induction 
glucose) and the second 20 minutes later, a 
variable time after the commencement of surgery 
(intra-operative glucose). Samples were collected 
into fluoride bottles and analysed within 3 hours 
by a modification of the glucose oxidase/ 
peroxidase method.* Hypoglycaemia was defined 
as a blood glucose concentration of less than 
2.2 mmol/litre.* 

Statistical differences were determined using 
Student’s t-test. The null hypothesis was re- 
jected when p < 0.05. 


Results 


The ages and weights of children in the morning 
and afternoon groups were comparable (Table 1). 
However, the mean fasting time of patients 
operated on in the morning was significantly 
longer than that of patients operated on in 
the afternoon (p < 0.001) (Table 2). 

The blood glucose concentrations of both 
groups following induction of anaesthesia and 
during surgery are shown in Table 3. It is apparent 
that the mean post-induction glucose concentra- 
tion of the afternoon group was slightly lower 
than that of the morning group, despite the 
shorter fasting period (p < 0.05). There was no 
correlation between the post-induction blood 
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glucose level in individual cases, and the duration 
of fasting, which ranged from 6-21 hours. The 
mean intra-operative glucose concentrations of 
both groups were greater than their correspond- 
ing pre-operative values (p < 0.001), but the dif- 
ference between them was not statistically 
significant. No child in the present study was 
hypoglycaemic; the lowest blood glucose observed 
was 2.6 mmol/litre. 

Table 4 compares the blood glucose at induc- 
tion of anaesthesia of unpremedicated patients 
and patients who received trimeprazine or temaz- 
epam. There was a trend towards higher blood 
glucose concentrations in premedicated patients 
compared to unpremedicated patients, and in 
patients premedicated with temazepam compared 
to trimeprazine. In patients operated on in the 
afternoon, the difference in blood glucose con- 
centration between those premedicated with 
temazepam and those who received no pre- 
medication was statistically significant (p < 0.05). 


Discussion 


In the present study, the mean blood glucose 
following induction of anaesthesia was signifi- 
cantly lower in children operated on in the 
afternoon than in children fasted overnight for 
operation in the morning. However, the actual 
difference was small and none of our patients 
was hypoglycaemic. 

The small diurnal variation in fasting blood 
glucose in our paediatric patients was similar 
to that found by Whichelow et al. in normal 
adult volunteers.© The cause for this variation 
remains uncertain, but it seems unlikely to be 
due to variations in the level of circulating in- 
sulin. Whichelow et al.© found no difference 


Table 1. Population data 


Morning Afternoon 
group group 
Number of 
children 26 28 
Age (years) Mean 3.42 3.42 
SEM 0.18 0.21 
Range 1.08-4.91 1.16-4.91 
Weight (kg) Mean 16.0 15.7 
SEM 0.7 0.6 
Range 10.2-25.0 8.0-20.5 


There were no statistically significant differences in 
mean ages or weights between the groups. 
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Table 2. Length of fast 








Morning 
group 
Length of Mean 14.9 
fast (hours) SEM 0.46 
Range 9.4-18.8 


Afternoon Signifi- 
group cance 
8.8 p<0.001 
0.6 
6.7-20.6 





Table 3. Blood glucose concentrations during anaesthesia 








Morning Afternoon  Signifi- 
group group cance 
Post-induction Mean 4.8 4.4 p < 0.05* 
blood glucose SEM 0.12 0.13 
; (mmol/litre) Range 3.0-6.5 3.1-6.1 
Intra-operative Mean 5.8 5.4 p< 0.3 ns* 
blood glucose SEM 0.25 0.21 
(mmol/litre) Range 3.4-8.7 2.6-7.3 
Significance p<0.00lt p<0.00It 


*Comparison of morning and afternoon groups; t comparison of 
post-induction and intra-operative blood glucose concentrations. 


Table 4. Blood glucose at induction of anaesthesia with different premedications 


No premedication Trimeprazine Temazepam 





Morning group 

Number 13 
Blood glucose Mean 4.6 
(mmol/litre) SEM 0.18 
Afternoon group 

Number 7 
Blood glucose Mean 41 
(mmol/litre) SEM 0.14 


6 7 
4.7 5.1 
0.14 0.26 
16 5 
4.4 4.8* 
0.20 0.25 


*p < 0.05 compared with unpremedicated patients. 


in the fasting morning and afternoon insulin 
levels, and insulin levels after intravenous glucose 
were lower in the afternoon than in the morning. 
Moreover, there is evidence of increased resistance 
to the peripheral effects of insulin in the after- 
noon.” 

Diurnal variation in the level of circulating 
cortisol provides a possible explanation for higher 
blood glucose levels in the morning. The plasma 
concentration of this hormone is higher in the 
morning than in the afternoon, and it produces 
a hyperglycaemic effect by increasing the activity 
of hepatic glucose-6-phosphatase, and possibly 
by slowing intracellular phosphorylation of 
glucose.® 

The increase in mean blood glucose following 
the onset of surgery was approximately | mmol/ 
litre in both morning and afternoon groups, 


which was similar to that previously reported 
in children.’ Individual responses were variable 
and, in nine of our children, intra-operative 
glucose levels were lower than the values after 
induction. 

The trend towards higher blood glucose con- 
centrations in premedicated patients compared 
to unpremedicated patients, and in patients given 
temazepam compared with trimeprazine, could 
be due to the presence of calorific substances 
in the syrups used as vehicles for the pre- 
medicant drugs. Temazepam syrup has a total 
calorific value of 36.4 cal/5 ml and contains 
glycerol 50%w/v, sorbitol 45%w/v and ethanol 
9% w/v; trimeprazine syrup has a total calorific 
value of 11.36 cal/5 ml and contains 56.8%w/v 
sucrose. It may also be relevant that trimeprazine 
syrup was given 2 hours before surgery, whereas 


temazepam was given 1 hour pre-operatively. 

The absence of hypoglycaemia in patients in 
the present study is in agreement with the findings 
of others.?:3-1° However, caution must be exer- 
cised when comparing the results of different 
studies, as the glucose-spécific methods of analysis 
require the preparation of known standards for 
comparison, and blood glucose measurements 
may vary over a period of time in the same 
laboratory, and from one laboratory to another. 
Most authors accept the definition of hypo- 
glycaemia used in the present study, (i.e. a 
blood glucose of less than 2.2 mmol/litre), but 
others have defined hypoglycaemia as a blood 
glucose of less than 2.8 or 3.0 mmol/litre’!»!? 
and, as a result, report an incidence of pre- 
operative hypoglycaemia in healthy children. In 
our study, a blood glucose of less than 3.0 mmol/ 
litre occurred intra-operatively in one patient 
(1.8%) operated on in the afternoon. 

A third problem in comparing results is the 
inclusion of large numbers of infants and children 
below normal weight in some previous 
studies.”12:13 While the results of these studies 
may indicate that very young or underweight 
children are at increased risk of developing hypo- 
glycaemia following routine pre-operative fasting 
they do not reflect the incidence of pre-operative 
hypoglycaemia in normal pre-school children. 

In view of the high incidence of hypoglycaemia 
in his study, Thomas?! advocated that milk feeds 
be given to children 4 hours pre-operatively. 
Other recommendations followed which included, 
for example, that maltose drinks should be given 
2 hours pre-operatively, followed by an intra- 
muscular injection of metoclopramide.'* Our 
results indicate that pre-operative fasting prior 
to both morning and afternoon surgery is well 
tolerated in healthy pre-school children, and 
precautions against hypoglycaemia may be un- 
necessary. However, it would seem desirable 
from the point of view of patient comfort and 
hydration to keep the duration of pre-operative 
starvation to a minimum. At present, patients 
in this hospital are not allowed food for 6 
hours before operation. Clear fluids are en- 
couraged up to 4 hours pre-operatively. 
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Midazolam in conservative dentistry 


A cross-over trial 


R. A. DIXON, C. KENYON, D. R. G. MARSH anp J. A. THORNTON 


Summary 

In a double-blind trial, 50 patients were randomly allocated to receive up to 0.29 mg/kg diazepam (Valium 
5 mg/ml) or 0.14 mg/kg of midazolam (midazolam hydrochloride 5 mg/ml) intravenously at a first session 
of conservative dentistry, the alternative being administered at the second session. Good operating con- 
ditions were reported under each sedative and no important physiological differences were observed. Most 
patients failed to return to ‘street fitness’ 30 minutes after either session of treatment. Previous reports 
of reduced incidence of venous thrombophlebitis with midazolam were not convincingly confirmed in this 
trial, but data quality was poor. For about half the patients, the amnesic effect was stronger following 
midazolam. 


Key words 


Hypnotics, benzodiazepines, midazolam, diazepam. 
Anaesthesia; dentistry. 


The ideal sedative for use in conservative 
dentistry would provide good operating 
conditions, complete safety of the airway and 
rapid recovery, with the patient free from side or 
after effects. Diazepam has been used for some 
years for this purpose, but has fallen short of the 
ideal because of the relatively slow return to street 
fitness and also because of the high frequency of 
thrombophlebitis. 

Midazolam is a 1.4 benzodiazepine derivative, 
which has been shown to be an effective intra- 
venous induction agent’ * and premedicant.' It 
has anterograde amnesic properties*6 and. 





because it is water soluble, it is less likely than 
diazepam to cause a burning sensation on injec- 
tion. It is more rapid in onset than diazepam, with 
less individual variation in response to a given 
dosage? and has a shorter activity.’ Its amnesic 
and sedative effects in subanaesthetic doses were 
expected to be useful in outpatient conservative 
dentistry. 


Patients 


In a double-blind trial, 50 patients were randomly 
allocated to receive either diazepam (Valium 5 
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mg/ml, up to 0.29 mg/kg) or midazolam hydro- 
chloride (5 mg/ml: up to 0.14 mg/kg) at a first 
session of conservative dentistry, the alternative 
being administered at a second session one week 
later. The maximum doses were chosen to corres- 
pond to a maximum dose for a 70-kg man of 4 ml 
diazepam or 2 ml midazolam. The main aim of 
the trial was to compare side and after effects, but 
comparisons were also to be made of physio- 
logical changes, operating conditions and post- 
operative recovery, using methods tested in a 
previous trial.7 

There were 14 male and 36 female patients 
whose ages ranged from 16—63 years (mean 29 
years) and body weights from 47-100 kg (mean 
65 kg). All patients were drawn from the waiting 
list for conservative dentistry at the Charles 
Clifford Dental Hospital, Sheffield, required at 
least 60 minutes of treatment without oral 
surgery, and were considered fit for general 
anaesthesia. Informed consent was obtained and 
no food or water was to have been consumed in 
the 4 hours preceding treatment. The conserva- 
tion work planned for each session was expected 
to last for 30 minutes for cavity preparation and 
filling. Patients were in the semi reclined position 
and a cellulose mouth pack was used. 

Of the 24 patients who received diazepam at the 
first session, all but two returned for a second 
session on midazolam; of the 26 who received 
midazolam first, all but three returned for the 
diazepam session. Thus, there were 47 diazepam 
and 48 midazolam sessions and 45 patients 
completed both sessions. 

A single dose of the respective drug was ad- 
ministered through an antecubital vein (left arm 
at first session, right arm at second, wherever 
possible) at a rate of 1 ml/minute up to the in- 
tended weight-related dose, to the nearest 0.2 ml, 
unless over-sedation was previously indicated by 
drooping of the eyelids and/or loss of conscious- 
ness and/or withdrawal and/or any loss of verbal 
contact. Patients who weighed over 70 kg received 
a maximum dose corresponding to an assumed 
weight of 70 kg (i.e. 4 ml diazepam or 2 ml 
midazolam). The actual dosage of diazepam ad- 
ministered ranged from 0.10-0.30 mg/kg (mean 
0.27 mg/kg); five patients received under 90% of 
the intended weight-related dose. Four patients 
received under 90% of the intended dose of 
midazolam, one incorrectly received more than 
110% of the intended dose and the dosage ranged 
from 0.08-0.16 mg/kg (mean 0.14 mg/kg). The 
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identity of the sedative was not revealed to the 
dental surgeon (administered out of his sight), but 
it was not possible for the anaesthetist to ad- 
minister the trial sedatives on a blind basis. 

Physiological monitoring was carried out by a 
technician using a Dinamap automatic blood pres- 
sure measuring device, an ear oximeter, an ECG 
(lead II) and a mercury strain gauge. Readings 
were taken immediately before the intravenous 
sedation, one minute after completion of 
sedation, one minute after administration of the 
local analgesic and at 5 minute intervals there- 
after. Immediate postoperative recovery was - 
assessed by the deletion of letters” test, 10, 20 and 
30 minutes after the end of dental treatment. 

Patients’ amnesic experience was assessed 40 
minutes after the intravenous sedative by the 
anaesthetist who asked the patients if they re- 
membered the injection and, if so, which one to 
determine if amnesia is effective from before or 
after the sedative or not even then. Also, one week 
after each treatment session, patients were asked 
if they remembered their fillings being done very 
clearly, vaguely or not at all. 

Arm pain and venous thrombophlebitis were 
assessed one week after treatment. Patients were 
asked at this time whether they had experienced 
arm soreness after leaving the hospital, and the 
anaesthetist at the same time examined the vene- 
puncture site. Thrombophlebitis was defined as 
redness and/or a palpable cord. 

The incidence of other possible after effects 
(drowsiness, unsteadiness, forgetfulness) was also 
assessed one week after each treatment session in 
a self administered questionnaire. On the second 
occasion, patients also had an opportunity to 
express a slight or strong preference for the 
sedative used at the first or second session. 


Results 
Operating conditions 


One dental surgeon (CK) carried out all the con- 
servative dentistry and assessed the operating 
conditions (blind) as ‘good’, ‘acceptable’ or ‘un- 
acceptable’ under four specific headings (Table 1) 
and also gave his overall impression. Thirty-four 
diazepam (72%) and 33 midazolam (69%) ses- 
sions gave a good overall impression. Nine of the 
45 patients who underwent both sessions were 
classified differently on the two occasions and five 
of the nine were given a better classification on 
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Table 1. Operating conditions 




















Number of 
patients 
% of sessions assessed Of those patients 
assessed as ‘good’ differently assessed differently, 
e attwo number given better 
Diazepam Midazolam sessions assessment at 
(n = 47) (n = 48) (n = 45) diazepam session 
Ease of administration of local analgesic 83 83 7 2 
Tongue movement 81 81 4 3 
Patient movement 79 81 6 2: 
Ease of access 68 65 14 9 
Overall impression (dental surgeon) 72 69 9 5 
Table 2. Adverse physiological events.* (n = 45) 
No. of patients 
One or more physiological events at both sessions 6 
One or more events at one session but none at the other: 
event(s) at diazepam session only 2 
event(s) at midazolam session only 4 
No event at either session 16 
Monitoring information missing (one or more of the 
six sources; one or both sessions) 17t 


*Systolic blood pressure increase/decrease > 30 mmHg; pulse rate increase/ 
decrease > 40 bpm; oxygen saturation decrease > 5%; apnoea lasting > 30 
seconds; verbal contact lost for > 30 seconds; respiratory obstruction. 

tIn addition, some data were missing for some of the six patients counted in 
the first row of the table, but this does not affect their appropriate placement 


in the table. 


diazepam than on midazolam. Individual aspects 
of the operating conditions also gave comparable 
assessments under each sedative. 

Thirteen different anaesthetists, each involved 
in about as many diazepam as midazolam ses- 
sions, reported adverse effects. Partial airway 
obstruction or snoring was noted at five 
midazolam but no diazepam sessions. Excessive 
drowsiness was noted at seven midazolam but 
only one diazepam session. Less common re- 
actions (1-3 reports per sedative) for both 
diazepam and midazolam were difficulty in keep- 
ing mouth open, weeping, irritation in throat, 
excessive coughing and irritability. For diazepam 
only, painful injection and retching were noted 
and for midazolam only, dizziness, unpleasant 
taste, apnoea and diplopia. 


Physiological monitoring 


The ear oximeter failed to function adequately at 
12 diazepam and 11 midazolam sessions. Other 
equipment failure affected another four diazepam 


and four midazolam sessions. Six of the 45 
patients undergoing both sessions experienced 
one or more physiological events at both 
sessions (Table 2). For another 17 patients, moni- 
toring information was incomplete and 16 patients 
completely monitored experienced no event. Of 
the six who experienced one or more events at one 
session but none at the other, though completely 
monitored, four experienced their event(s) on 
midazolam. 


Amnesia 


Of the 45 patients treated at both sessions, 33 had 
a similar experience of amnesia on the two 
occasions; one patient could on each occasion 
remember, 40 minutes after the sedative, both 
the intravenous and local injections, 31 could 
remember only the intravenous injection and one 
could remember neither. For another three 
patients, inadequate information was recorded, 
and the remaining nine gave different responses 
following the two sedatives; for six of these the 
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Table 3. Arm pain and venous thrombophlebitis 








Arm pain reported during week 
following treatment . 
Yes 
No 
Not known 
Thrombophlebitis on examination 
one week after treatment 
Yes Š 
No 
Not known 


Arm pain and/or thrombophlebitis 


Yes 
No 
Not known 


n=47 n=48 
(100%) (100%) 
% % 
21 15 
70 77 
9 8 
19 4 
60 73 
21 23 
36 15 
49 65 
15 20 





Table 4. After effects recalled one week after treatment i 





amnesic response was stronger with midazolam. 

An answer was recorded for 41 patients, one 
week following each sedative, to the question 
How clearly do you remember your fillings being 
done? For 16 patients identical answers were 
recorded on the two occasions (vaguely, 8; not 
at all, 8) but of 25 giving differing responses, 21 
remembered less clearly on midazolam (p<0.01, 
Sign test). 


Immediate postoperative recovery 


Of 45 patients completing both sessions, 11 (24%) 
had recovered, according to the deletion-of letters 
test, by 30 minutes after the end of dental treat- 
ment following diazepam, and four (9%) follow- 
ing midazolam. Comparison of the test results at 
10, 20 and 30 minutes following each session 
shows that 32 patients had not recovered by 30 
minutes after either sedative; one patient re- 


Of number, giving 
Number of patients different 
6 : giving different reply, 
Ae peis reply after number showing 
8 diazepam after-effect 
Diazepam Midazolam that following following 
(n=47) (n = 48) midazolam diazepam only 
Drowsiness 66 82 16 4 
Unsteadiness 50 55 13 5 
Forgetfulness 30 43 14 4 
‘Not usual self’ in 48 hours 
- following treatment 25 27 10 4 


covered at 20 minutes after each sedative; 12 
patients recovered at different times, of whom 
nine recovered earlier following diazepam. 


Arm pain and venous thrombophlebitis 


Information on postoperative arm pain (Table 3) 
was missing following four diazepam and four 
midazolam sessions. Some patients did not attend 
for their second session of treatment and some 
failed to return one week after that. Thus, the 
observed incidence was at least 21% following 
diazepam and at least 15% following 
midazolam. For similar reasons, and because of 
the occasional unavailability of an anaesthetist 
for the sole task of inspecting the venepuncture 
site one week after the second treatment session, 
information on the presence or absence of venous 
thrombophlebitis is even more scanty. The 
observed incidence one week after diazepam was 


vet 
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at least 19% and after midazolam at least 4%, but 
information is missing for over 20% of the 
sessions. 

Combining the arm pain symptom with the 
signs of thrombophlebitis, the observed incidence 
is at least 36% for diazepam, and at least 15% for 
midazolam. Using this combined definition of 
thrombophlebitis, it was possible to compare 33 
patients following both sedatives: 19 gave the 
same result following each sedative (present 5; 
absent 14); of the 14 showing different results, 11 
showed thrombophlebitis present only following 
diazepam (p> 0.05, Sign test). 


After effects 


For similar reasons, information on after effects 
was not obtained from all patients and the 
observed incidences shown in Table 4 are there- 
fore likely to be underestimates. The last two 
columns, however, show that when patients ex- 
perienced an after effect following one sedative 
but not the other, it more frequently involved 
midazolam. 


Preferred sedative 


Of 40 patients asked by questionnaire one week 
after the second treatment to express a preference 
for the first or second sedative, 32 did so (Table 
5). The expected preference?’ for the first 
sedative (preferred by 22 of the 32, or by 16 of the 
21 having a strong preference) was more con- 
vincing than the small preference for midazolam. 
Of the 32 expressing any preference, 20 preferred 
midazolam (p>0.05, Sign test); of the 21 ex- 
pressing a strong preference, 14 preferred 
midazolam (p> 0.05, Sign test). 


Table 5. Preferred sedative (n = 40) 


First sedative: strong preference 16 2 
slight preference 6 

No preference 8 
Second sedative: slight preference 5 

10 
strong preference 5 

Diazepam: strong preference 7 12 
slight preference 5 

No preference 8 

Midazolam: slight preference 6 20 
strong preference 14 


Discussion 

In this trial, the dental surgeon assessed the 
operating conditions overall as good following 
the majority of midazolam sessions and diazepam 
sessions alike, though partial airway obstruction 
was recorded by the anaesthetist at some of the 
midazolam sessions. Failure of equipment led to 
inadequate physiological monitoring data, but 
there was no evidence of any difference between 
the sedatives in the occurrence of adverse physio- 
logical events during sedation. 

The more rapid recovery expected following 
midazolam!°!! was not demonstrated, as 
compared with the results of Kawar et al.12 Two 
thirds of patients remained unrecovered 
30 minutes after the end of both sessions of treat- 
ment, and after effects like drowsiness, un- 
steadiness and forgetfulness were, if anything, 
more common following midazolam. 

In a study on midazolam for endoscopy, a 
significant prolongation of reaction time, up to 
2.5 hours after injection, was demonstrated.!3 In 
that study, the possibility of initial partial re- 
covery at 15 minutes after injection followed by 
resedation at 75 minutes post injection was con- 
sidered. No significant difference in recovery was 
demonstrated between the drugs, up to 3 hours 
following injection, in a study comparing 
midazolam and diazepam as sedation during 
spinal anaesthesia.}* 

Difficulties were experienced in following up 
patients to elicit signs and symptoms of thrombo- 
phlebitis at the venepuncture site. Anaesthetic 
service requirements prevented the deployment of 
an anaesthetists solely for this function, so that 
this task was carried out at times convenient to an 
anaesthetist giving general anaesthetics for 
dental extractions in an adjoining room. Perhaps 
the inadequate quality of our data from this 
relatively small trial has prevented us from clearly 
confirming the reduction of arm pain/thrombo- 
phlebitis found with midazolam compared to 
diazepam, found in two earlier studies.!°!! The 
introduction of diazepam in oil (Diazemuls), 
however, may diminish the importance of con- 
firming this finding. 

The most clearly confirmed difference between 
the two sedatives was the more profound amnesia 
associated with midazolam.'* Amnesia is a 
particularly useful effect in conservative 
dentistry, since it is often fear of the local anaes- 
thetic injection which is most troublesome. 


Our dosage schedules both for midazolam 
(0.14 mg/kg), determined in a pilot study, and for 
diazepam (0.29 mg/kg), were higher than those 
used by Al-K hudhairi et al." in their study of both 
these drugs as sedation for gastroscopy. Perhaps 
higher levels of anxiety are experienced in patients 
presenting for conservative dentistry? Dundee 
et al.1° drew attention to the great individual 
variation in response to benzodiazepines, in- 
cluding midazolam, which appears not to be 
related to weight. In our trial, only one patient 
who received midazolam exceeded the intended 
weight related dose by more than 10%. The ex- 
pressed preference of the patients for the first 
sedative administered, found in previous trials, 
was confirmed here more convincingly than a 
tendency to prefer midazolam. 

In conclusion, with the introduction of 
diazepam in an emulsion (Diazemuls) since this 
trial was planned, we see insufficient evidence 
from this trial taken in the context of other 
reported studies, for clinicians to choose 
midazolam in preference, unless the improved 
amnesic effect is wanted. 
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Intubating conditions following pre-induction priming 
with alcuronium 


A. W. HARROP-GRIFFITHS, R. M. GROUNDS anD M. MOORE 


Summary 

Three priming doses of alcuronium have been investigated and, using a logistic transformation technique, 
the priming dose required to produce adequate intubating conditions in 99% of patients at 60 seconds 
following the second dose of alcuronium has been deduced. This dose, 106.5 ugjkg is extremely high and 
may be unsafe if used, since 30% of our patients complained of side effects when given a priming dose of only 


50 pg/kg. 


Key words 


Neuromuscular relaxants, alcuronium. 


There has been much recent interest in the 
priming principle for non-depolarising neuro- 
muscular blocking drugs.‘~* Foldes* has 
recommended the use of a priming dose, followed 
after a short interval by a second, larger in- 
tubating dose administered at the same time as 
the intravenous induction agent. He proposed 
that the priming dose should be large enough to 
cause moderate inhibition of neuromuscular 
transmission, indicating greater than 75% 
occupancy of the endplate receptors. Using this 
technique, it should be possible, theoretically, to 
achieve adequate intubating conditions in 99% of 
patients within 60 seconds of induction and the 
injection of the intubating dose. This should be 
achieved without the patient suffering any un- 
pleasant side effects and, more importantly, 
without the loss of protective laryngeal reflexes. 

In the present study, we have used a single- 
blind technique to investigate the validity of these 
statements. We have examined the effects of 





several different priming doses of alcuronium on 
the adequacy of intubation at 60, 90 and 120 
seconds after the second dose of alcuronium. The 
study was designed to determine the priming dose 
required to achieve adequate intubating con- 
ditions in 99% of cases within 60 seconds of giving 
the intubating dose of alcuronium. 


Methods 


Forty healthy female patients about to undergo 
routine elective gynaecological surgery and 
requiring tracheal intubation as part of the 
anaesthetic technique were studied. Their ages 
ranged between 25 and 57 years. No patient with 
a history of difficulties at laryngoscopy was 
studied. The patients were seen prior to their 
proposed time of surgery, the technique explained 
to them and their written informed consent 
obtained. 

All patients were premedicated with atropine 
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0.6 mg intramuscularly, approximately one hour 
prior to operation. They were randomly divided 
into four groups of ten patients each. Group 1 
received 1 ml of normal! saline priming dose and 
200 ug/kg alcuronium as the intubating dose; 
group 2 received 20 yg/kg alcuronium as the 
priming dose and 180 „g/kg alcuronium as the 
intubating dose; group 3 received 35 ug/kg as 
the priming dose and 165 ug/kg as the intubating 
dose, while group 4 received 50 pg/kg as the 
priming dose and 150 „g/kg as the intubating 
dose. 

On arrival in the anaesthetic room a can- 
nula was inserted into a forearm vein and the 
priming dose injected into a fast-running intra- 
venous infusion. A stopwatch was started on 
completion of the injection of the priming dose, 
and when 2 minutes had elapsed, a dose of 
thiopentone 4 mg/kg was injected over 20 seconds 
followed by the intubating dose of alcuronium 
over 10 seconds, again with the infusion running 
rapidly. Timing recommenced at the end of the 
injection of the alcuronium. The patients’ lungs 
were then ventilated with nitrous oxide 6 litres/ 
minute and oxygen 3 litres/minute and halothane 
1% to within 5 seconds of the required time to test 
the intubating conditions, (55 seconds after in- 
tubating dose). Intubation was attempted at 60, 
90 and 120 seconds. Only orotracheal intubations 
were attempted and all were performed by one of 
the authors, (RMG), who was unaware of the 
priming or intubating doses used, and only knew 
that all patients had received a total of 200 ug/kg 
of alcuronium. 

The patients were assessed subjectively for jaw 
relaxation, vocal cord relaxation and suitability 
for atraumatic laryngoscopy. Intubating 
conditions were assessed according to a modified 
scheme used by Harrison and Feldman,’ 
originally proposed by Lund and Stovner.® 


Statistical methods 


Logistic transformation was used to analyse the 
data and to provide an estimation of the priming 
dose required to ensure adequate intubating con- 
ditions in 99% of cases. The estimation procedure 
has been described by Armitage,’ and is discussed 
in detail, for this particular study, in the appendix 
to the paper. 


Results 
The mean ages and weights of the four groups of 
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Table 1. Age and weight of patients in the four different 
priming groups (mean, SD) 


Group 
1 2 3 4 


Alcuronium 
priming dose (ug/kg) 0 20 35 50 


Mean weight (kg) 65.7 64.00 62.4 58.5 
(8.8) (15.1) (9.5) (12.2) 
Mean age (years) 37.3 36.2 35.8 33.4 


(8.1) (3.9) (9.0) (4.6) 


patients are shown in Table 1. There was no 
statistical difference between the groups for age 
or weight. Table 2 shows the incidence of jaw and 
cord relaxation and success of attempted intuba- 
tion. Figure | illustrates the intubating conditions 
at 60, 90 and 120 seconds after the second or 
intubating dose of alcuronium. 


Jaw relaxation 


After 60 seconds, only those patients who had 
received 50 ywg/kg priming dose were all con- 
sidered to have satisfactory jaw relaxation for a 
safe, successful intubation. By 120 seconds, even 
those who had not received a priming dose were 
considered to have sufficient jaw relaxation to 
allow safe, atraumatic insertion of the laryngo- 


scope. 


Cord relaxation 


At 60 seconds no group had 100% of patients in 
whom relaxation was considered adequate for 
safe atraumatic intubation. The best group was 
the one in which patients had all received a prim- 
ing dose of 50 ug/kg of alcuronium. By 120 
seconds, cord relaxation was considered adequate 
in all groups except those that had not received a 
priming dose of alcuronium. 


Statistical analysis 


Separate analyses were performed for each of the 
three time periods, using the Generalised Linear 
Interactive Modelling package (GLIM) of the 
Royal Statistical Society. On the basis of x? (with 
two degrees of freedom) test for heterogeneity, 
the model, as described in the appendix, fitted 
each set of data very well. 

The estimates of intercept and slopes together 
with the x? values are shown in Table 3. In Table 
4, the ED, and corresponding estimate of initial 
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Table 2. Incidence of degrees of jaw and cord relaxation and success of attempted intubation(s) 


60 seconds 
Alcuronium priming 
dose (ug/ke) 0 2 35 5 
Jaw relaxation 
satisfactory 6 6 8 10 
unsatisfactory 4 4 2 0 
Cord relaxation 
satisfactory 4 6 5 9 
unsatisfactory 6 4 5 1 
Tracheal intubation 
successful 4 5 5 9 
unsuccessful 6 5 5 1 
PA 100 
£ 
v 
® 80 
3 
be | 
E 
p 60 
E 
Ë 
5 40 
3 
E 20 
È, 
Group 


Time of attempted intubation(s) 


90 seconds 120 seconds 








7 10 10 10 7 10 10 10 
3 0 0 0 3 0 0 0 
7 9 10 10 8 10 10 10 
3 1 0 0 2 0 0 0 
Seconds after second 
120 dose of alcuronium 


Fig. 1. Intubating conditions at different times for the four groups studied. Il, Satisfactory; 
C, unsatisfactory. Group 1, 0 g/kg; group 2, 20 ug/kg; group 3, 35 ug/kg; group 4, 
50 pg/kg. 


Table3. Estimates of slope and intercept and Chi square 


values 
Time after second Intercept Slope Chi-square 
dose of alcuronium & B zr 

60 seconds 35.93 =15.9 2.12 
(SD) (17.28) 0.71) 

90 seconds 95.49 —41.16 0.53 
(SD) (50.04) Q19) 

120 seconds 390.7 —169.2 90.002 
(SD) (922.9) (401.1) 


dose required for 99% successful intubation at 60, 
90 and 120 seconds are shown. The estimated 
priming dose that would allow 99% successful 
intubation at 60 seconds was 106.5 ug/kg 
However, at the 50 mg/kg priming dose, 
30% of patients complained of unpleasant side 


Table 4. Estimates of priming doses required to provide 
adequate intubating conditions in 99% of cases at 60, 90 
and 120 seconds 


Estimate of priming 
dose of alcuronium 
required for 99% 
satisfactory con- 


Time of attempted 
intubation following 
second dose of 





alcuronium ED,, ditions (ug/kg) 
60 seconds 1.97 106.5 
90 seconds 2.21 38.6 
120 seconds 2.28 9.5 


effects attributable solely to alcuronium. These 
included a ‘dreadful’ feeling of weakness and 
heaviness of the eyelids, and one patient was 
completely unable to open her eyes. 


“v 


ah 


Discussion 

The ability rapidly and safely to intubate the 
trachea is still paramount in emergency anaes- 
thesia, where the possibility exists that the patient 
may have a full stomach, and many anaesthetists 
still use suxamethonium for this purpose. 
Tracheal intubation can usually be performed 
within 60 seconds of suxamethonium administra- 
tion. This drug has many side effects, some of 
which are minor and can be prevented. However, 
it cannot be used safely in severely burned 
patients,!° or in patients with myotonia?! or in 
patients susceptible to malignant hyperthermia. 
It is also relatively contraindicated in patients 
with renal failure,!? severe liver disease and 
penetrating injuries of the eye. For these and 
other reasons, the search for an alternative drug 
to suxamethonium, or an alternative method of 
using the non-depolarising neuromuscular 
blocking agents for use in a rapid sequence 
induction to intubation technique, has been 
sought. 

The fact that a priming dose of non- 
depolarising relaxants, given some minutes prior 
to the main dose, can shorten the time taken to 
achieve adequate intubating conditions has been 
demonstrated in a number of studies.!~* How- 
ever, if as suggested by Foldes and his co- 
workers, *"* this technique is seriously to compete 
with the use of suxamethonium, then it must be 
shown to produce results comparable with the use 
of suxamethonium. 

Foldes* has recommended that a priming dose 
of alcuronium should be 45-60 ug/kg, followed 
by an intubating dose of 150-180 yug/kg. This 
study has shown that the priming dose recom- 
mended by Foldes was accompanied by a 30% 
incidence of side effects which were unacceptable 
to the patient. Hutton et al.!3 studied a priming 
dose of alcuronium and showed that it shortened 
the time elapsed for successful intubation fol- 
lowing the main dose of alcuronium, but did not 
demonstrate any side effects from the priming 
dose because their patients were all anaesthetised 
with thiopentone prior to being given the priming 
dose. We have also shown that even with a 
‘priming’ dose of 50 yug/kg only 90% of our 
patients could be safely and successfully in- 
tubated at 60 seconds, whereas to compete 
seriously with suxamethonium, we would have 
expected 99% of the patients to be intubated 
within 60 seconds of injection of alcuronium. 
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We have estimated the priming dose which 
would ensure adequate intubating conditions in 
99% of patients after 60 seconds by the use of logis- 
tic transformation. This dose was 106.5 pg/kg. 
(7.5 mg alcuronium for 70 kg patients). Since 30% 
of our patients suffered side effects with the 
50 g/kg dose, we considered it unacceptable to 
more than double the priming dose in our 
patients. 

Gergis!* and colleagues allowed 3 minutes to 
elapse between the injection of the priming and 
intubating doses, while Foldes* recommended 
allowing 6-8 minutes between the two doses. We 
suggest that there are good reasons why the 
longer time between doses should be avoided. 
Firstly, the longer time may allow greater 
numbers of patients to develop minor side effects 
such as a feeling of weakness and the inability to 
open their eyes. Secondly, and more importantly, 
the longer time delay between the two doses may 
allow the development of a dangerous degree of 
relaxation to occur with alcuronium, so that the 
patient may become hypoxaemic or lose laryngeal 
reflexes. Thirdly, a 6-8 minute delay is un- 
acceptable in emergency anaesthesia. 

We do not recommend the use of alcuronium 
in a two dose technique for rapid sequence 
tracheal intubation. However, at present we have 
no experience of the use of this technique with 
other neuromuscular blocking agents. Gergis et 
al.'4 have reported the use of this technique using 
atracurium, but their patients were induced 
with fentanyl and thiopentone followed by 
70% nitrous oxide in oxygen administered by 
facemask one minute before the intubating dose 
of atracurium was given. We conclude that there 
is little justification for the use of the priming 
technique to facilitate rapid tracheal intubation. 


Appendix 


Ordinary regression analysis cannot be employed 
in the analysis of the results of this study, since 
standard regression analysis assumes that the 
dependent variable is continuous and that it is 
normally distributed. In this case, we have a 
sigmoid log dose/response curve of log; o priming 
dose against response, i.e. percentage intubated at 
60 seconds (or 90 or 120 seconds). However, the 
result we are interested in is the log, , dose at the 
99% response, i.e. the top right hand end of the 
sigmoid curve, and it is not always easy to deter- 
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mine this point accurately. The logistic trans- 
formation is a commonly applied method in such 
circumstances. This technique enables a sigmoid 
log; o dose/response curve to be transformed into 
a straight line relationship with dose. The trans- 
formation is 


( P _ ) 


=lo 
y Be I-P 


and y =a + Bx 


where p = proportion intubated at x 
x = log, o dose 
y= y axis of graph 
a = intercept on y axis 
p = slope of transformed line. 


This estimation procedure has been well 
documented by Armitage’ and Petrie.!5 

In this case, the point of interest is the log dose 
at which intubation can be achieved in 99% of 
cases. The logit value at this points 


z (0.99) _ = 
Yoo = loge (0.01) log. (99) = 4.595 
so that the effective log dose giving 99% response 
; 4.595 —a 
is Epos = ge 
References 


1. Fotpes FF, Scowarz S, Itias W, LACKNER F, 
NAGASHIMA H, MAYERHOFER O. Rapid tracheal 
intubation with vecuronium: the priming principle. 
Anesthesiology 1984; 61: A294. 

2. MEHTA MP, CHor: WW, Gerais SD, Sokor MD. 
Faster onset of neuromuscular blockade with non- 


A.W. Harrop-Griffiths, R.M. Grounds and M. Moore 


depolarizing muscle relaxants. Anesthesiology 
1984; 61: A311. 


. BEVAN JC, DoHerty WG, BREEN PG, Donati F, 


Bevan DR. Accelerated onset of pancuronium 
neuromuscular block with divided doses in infants 
and children. Anesthesiology 1984; 61: A312. 


. NAGASHIMA H, NGUYEN HD, Lee S, Kapian R, 


Duncatr D, Foipes FF. Facilitation of rapid 
endotracheal intubation with atracurium. Anes- 
thesiology 1984; 61: A289. 


. FoLpes FF. Rapid tracheal intubation with non- 


depolarising neuromuscular blocking drugs: the 
priming principle. British Journal of Anaesthesia 
1984; 56: 663. 


. PATON WDM, Waup DR. The margin of safety of 


neuromuscular transmission. Journal of Physiology 
1967; 191: 59-90. 


. HARRISON P, FELDMAN SA. Intubating conditions 


with ORG NC45. A preliminary study. Anaesthesia 
1981; 36: 874-7. 


. Lunp I, Srovner J. Experimental and clinical 


experiences with a new muscle relaxant RO4-3816, 
diallyl-nor-toxiferine. Acta | Anaesthesiologica 
Scandinavica 1962; 6: 85-97. 


. ARMITAGE P. Statistical methods in medical re- 


search. London: Blackwell, 1977. 375-84. 


. ToLĪME JD, Joyce TH, Mrrcuett GD. Succinyl- 


choline danger in the burned patient. Anes- 
thesiology 1967; 28: 467-70. 


. COOPERMAN LH. Succinylcholine-induced hyper- 


kalemia in neuromuscular disease. Journal of the 
American Medical Association 1970; 213: 1867-71. 


. PowELL JN. Suxamethonium-induced hyper- 


kalaemia in a urdemic patient. British Journal of 
Anaesthesia 1970; 42: 806-7. 


. Hutton P, Morcan G, Ex-Hassan K, BLACK 


AMS. Speeding the onset of neuromuscular block 
by alcuronium. British Journal of Anaesthesia 1983; 
55: 918P, 


. Gerais SD, SoxoLL MD, MEHTA M, KEMMOTSU 


O, Rupp GD. Intubating conditions after atra- 
curium and suxamethonium. British Journal of 
Anaesthesia 1983; 55: 83S—6S. 


. PETRIE A. Lecture notes on medical statistics. 


London: Blackwell, 1978. 130-2. 


Anaesthesia, 1986, Volume 41, pages 287-293 


Pressure changes in tracheal tube cuffs 


M. CHANDLER 


Summary 


The pressure changes in tracheal tube cuffs can be explained by classical permeation theory. The trans- 
port of all gases contributes to pressure changes which may be negative or positive, depending upon the 
conditions. In vitro experiments were carried out to determine the applicability of this approach and the 
efficacy of the methods for minimising the rise in cuff pressure. 


Key words 
Equipment, tubes, tracheal. 


Previous work has shown that the pressure rise in 
tracheal tube cuffs during nitrous oxide anaes- 
thesia'~* can be explained by classical per- 
meation theory. This increased pressure is exerted 
directly on the tracheal wall. Pressure on the 
trachea has been implicated in the development 
of postoperative sore throat,>~’ and, more 
seriously, tracheal stenosis.® 

Various methods have been suggested to 
minimise the pressure rise caused by nitrous oxide 
diffusion. These include filling the cuff with saline 
solution,’ with the anaesthetising gas!° and with 
a rediffusion system.!! This work extends that 
which was previously described, to provide a 
theoretical analysis of such suggestions. A 
method is suggested, whereby the gas transport 
mechanisms can be calculated. 


Method 


In order to determine the pressure increase in 

tracheal tube cuffs in contact with nitrous oxide, 

the apparatus was set up as shown in Fig. 1. 
The tracheal tube (a) was placed in a 





N20 to exhoust 


Endotrocheal 
fube 


Thermocouple 





x/t recorder 








~<—— N2O0ina 


Fig. 1. Apparatus to determine pressure rise in tracheal 
tube cuff. 
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Perspex tube (b) of 20.2 mm diameter (giving 
approximately the same cross sectional area 
as an average adult trachea), and the cuff 
(c) inflated to such an extent that all creases 
and folds were flattened out. The cuff was 
inflated using a syringe for air, and a pressure 
reducing valve from a gas cylinder for the other 
gases. Nitrous oxide (99.6 percent minimum) 
was passed into the bottom of the tube (d), thus 
bathing the lower end of the cuff and passing 
through the tracheal tube and out through an 
extractor. Air was blown over the top end of the 
cuff, so that it could be assumed at any time that 
the concentration of any gas apart from air was 
zero at the top of the cuff. 

The pressure in the cuff was monitored using a 
Bell and Howell pressure transducer (e) model 4- 
366-0002-01m0 (0-70 kPa, output 0.50 mV-—10.5 
V input); the output was recorded on a Servo- 
scribe recorder. The transducer was calibrated 
against a mercury U-tube manometer. The ex- 
periment was continued for 7 hours for the PVC 
cuffed tubes, 5.5 hours for natural rubber and 2 
hours for silicone rubber. f 

The areas of contact with the gas, and the 
volume of the cuff, were calculated from the 
geometry of the cuff under a shadowgraph. The 
thickness of the cuff was measured using a 
micrometer. Six readings around the neck 
of the cuff were taken and the average and 
range recorded. The position of the cuff was 
marked on the Perspex tube at the start of the 
experiment and monitored throughout the ex- 





periment, to determine if any volume or shape 
changes occurred. 

The temperature was monitored thronghout 
the experiments by a thermocouple. The experi- 
ments were repeated in triplicate using new tubes 
for each test. To determine the effects of an 
external reservoir, the inflation balloons of £.0mm 
internal diameter tracheal tubes were removed 
and ‘High Volume—Low Pressure’ cuffs fitted in 
line (No 6, Table 1). 


Results 


The cuff/gas combinations tested are shown in 
Table 1 and the results obtained are shown in the 
corresponding Figs 2-7 (note change of scale in 
Fig. 6). 

There was some variation in cuff thickness; the 
greatest was shown by the silicone rubber cuff 
(SD 0.01 mm). The latex cuffs had a maximum of 
0.008 mm and PVC a maximum of 0.005 mm 
variation. The latex cuff was tested in a smaller 
glass tube (12.3 mm internal diameter) to ensure 
that stretching, and hence thinning of the cuff 
material was kept to a minimum. 

Generally, the pressure changes showed the 
same form, an initial increase to a maximum, fol- 
lowed by a decrease in pressure. The PVC cuff 
filled with air, however, did not show the fall Tom 
the maximum pressure which it reached after 6 
hours. The initial rise in pressure was accompanied 
by a slight ballooning out of the end of the cuff. 





Table 1 
Area Mean 
Cuff Volume thickness (cm) 

Cuff material/ filling ofcuff Upper Lower ~~~ Temp 
manufacturer medium ml sq cm Upper Lower CC) Results 

PVC*/Portex Air 4.4 4.42 3.58 0.0250 0.0250 21 Fig. 2 
8.0 mm ID high volume cuff 

Latex/rubber**/Leyland Air 0.59 0.37 0.37 0.0250 0.0250 21 Fig. 3 
7.0 mm ID 

Silicone rubber/Dover Air 3.3 0.89 0.0250 0.0250 21 Fig. 4 
8.0 mm ID 

PVC*/Portex N,0 44 4.42 3.58 0.0250 0.0250 21 Fig. 5 
8.0 mm ID high volume cuff 

PVC*/Portex co, 4.34 5.92 4.82 0.0250 0.0250 20 Fig. 6 
8.0 mm ID high volume cuff 

PVC/Portex Air 4.4 4.40 3.6 0.0250 0.0250 21 Fig. 7 
8.0 mm ID high volume cuff + 


*Inflation pilot balloon removed. 
**Inflated in 12.3 mm ID glass tube. 


w ~> 


AICP {kPa} 





Time (hours) 
Fig. 2. Pressure changes in PVC tracheal tube cuff, 
filled with air, in nitrous oxide. ——, Experimental; 
——., theoretical. 


AICP (kPa) 





l 2 3 4 5 
Time {hours} 
Fig. 3. Pressure changes in latex tracheal tube cuff, 
filed with air, in nitrous oxide. ——, Experimental; 
—, theoretical. 


This resulted in a volume change of 3 percent in the 
case of the PVC cuff filled with air, but was less 
than 1 percent with the other cuffs. 

When the silicone rubber cuffed tube was used, 
there was a loss of seal within 60 minutes. Over 
the same period, the length of cuff in contact with 
the glass tube decreased from 30 mm to less than 
15 mm. This represented a change in volume of 
about 20 percent. There was no measurablechange 
in contact length in any other experiment. The 
exception to the general pressure change 
behaviour was observed with the nitrous oxide 
filled cuff. This showed an immediate and 
continuing fall in pressure from the initial seal 
pressure. The experiment was terminated when 
the seal was broken. There was no measurable 
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change in volume at this point; the loss of seal was 
caused by gas leaking through creases that had 
formed in the cuff. 

All cuffs were initially sealed at deliberately 
high pressures (10 kPa for the PVC cuffs filled 
with air and 20-25 kPa for all the other tests). 
This was to try and ensure that all creases were 
removed and that a seal would be maintained 
throughout the experiment. If the same initial 
sealing pressure was used for a series of similar 
tubes, the pressure changes were reproducible to 
within 2 percent. 

There was no measurable change in tem- 
perature in any other experiment. 


Discussion 


A brief description of the gas transport mech- 
anism, together with a method whereby the effect 
may be quantified, is presented in Appendix 1. 
The permeability coefficients of the materials 
tested are shown in Table 2. Using these values in 
the basic equation in Appendix 1, the results are 
shown on their relevant graphs in Figs 2-7. 

Generally, there is correspondence between the 
theoretical prediction and the observed be- 
haviour. However, there are differences in the 
absolute values observed. One reason for this 
may be the assumption that the only gas transport 
mechanism involved is through the cuff material. 
There will, however, be some transport through 
the tube walls; this will have the effect of increas- 
ing the K, value in the theoretical equation by 
12 percent. If this is considered, the pressures 
involved become similar. : 

The large deviation observed with the silicone 
rubber tube (Fig. 4) was due to change in volume 
of the cuff. It is noteworthy with this cuff that the 
pressure drops below seal pressure within one 
hour with loss of seal. This problem is recognised 
by the manufacturers, as the pack carries a warn- 
ing of the need to monitor the pressure regularly. 
In an attempt to ensure that such a loss of seal 
would not introduce anomalies, deliberately high 
initial sealing pressures were used. Even these 
pressures were not enough to assure that loss of 
seal could not occur and the nitrous oxide filled 
cuff experiment (Fig. 5) was terminated because 
this obviously happened. 

Such high initial pressure would tend to lower 
the initial rate of pressure increase due to en- 
hanced air diffusion out of the cuff. It will also 
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Table 2. Permeability coefficient 


mi/sq cm/(cm Hg/cm) x 107 !°@25°C 


Material 
PVC 
Latex rubber 
Silicone rubber 


*18°C testing of new material.? 
In the same units permeability coefficient for PVC/O, +12 and 
for PVC/N,~2. 









£ 
= Time {hours}? 
S 
Ñ -9t 
-10H 
-i5 
-20L 
Fig. 4. Pressure changes in silicone rubber tracheal tube 
cuff, filled with air, in nitrous oxide. ——, Experimen- 
tal; -—-, theoretical. 


lead to a slightly higher rate of decrease in pres- 
sure in the anaesthetic gas filled cuff. It should be 
noted, however, that at infinite time the intracuff 
pressure will be midway between the pressures 
above and below the cuff. If, originally, minimum 
leak seal is used, there will be a risk of loss of seal 
in time in all cases. The pressure rise may be 
lowered for short periods by the two methods 
illustrated in Figs 6 and 7. The former entails 
filling the cuff with carbon dioxide. This was 
chosen as it has a permeability coefficient ap- 
proximately half that of nitrous oxide, but will 
permeate through both upper and lower mem- 
branes (Fig. 6). 


N:O Air CO, 


136 4* 72 
290 70 
4360 1400 






| 2 
Time (hours) 


AICP (kPa) 
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QO 
= 
H 





-25 
Fig. 5. Pressure changes in PVC tracheal tube cuff, 


filled with nitrous oxide, in nitrous oxide. ——, 
Experimental; ———, theoretical. 


The action of a large inflation balloon is shown 
in Fig. 7. The pressure rise is reduced under these 
circumstances. The main problem with all such 
systems is when a change-over from anaesthetic 
gas to air or air/oxygen mixtures occurs. Special 
attention will have to be paid to cuff pressure 
monitoring at these times. 

The theory can thus be used to predict the 
behaviour of cuff systems in practice. It shows 
those factors which are important in determining 
the extent of pressure changes. Any changes in 
these factors can bring their own problems. It is 
easier to list them and see the effect brought atout 
by such changes. 


op 
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Fig. 6. Pressure changes in PVC tracheal tube cuff, 
filled with carbon dioxide, in nitrous oxide. 5 
Experimental; , theoretical. 
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Fig. 7. Pressure changes in PVC tracheal tube cuff, with 
external PVC reservoir, filled with air, in nitrous oxide. 
—, Experimental; ——, theoretical. 


Permeability coefficient 


It has been shown that the permeability to gases 
is related to the crystallinity, cohesive energy and 
cross linking of the polymer.'? Thus, a material 
of high cohesive energy such as polyester (Trade 
Name Melinex), which is also semi crystalline, 
has low permeability. 

It can also be readily seen, from the derived 
equations, that the pressure rise depends upon the 
relative permeation rates for the various gases 
involved. Thus, the pressure increase would be 
slower in polyester cuffs than in PVC cuffs of 
equal thickness. However, it would be impractic- 
able to make polyester cuffs of such thickness as 
they would be too stiff and this advantage would 
disappear. The maximum pressure reached would 
also be higher. On the other hand, silicone rubber 
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has a low cohesive energy and shows a high per- 
meability to all gases. Cuffs made of a material 
of even hizher permeability would deflate too 
easily to be practical. 


Thickness 


The rate of pressure increase is inversely pro- 
portional to cuff thickness—thinner cuffs show a 
faster pressure increase. 


Volume 


An increase in volume results in a lower-rate of 
increase. This can be achieved by lengthening the 
cuff, which results in more damage to the 
trachea,'? or by fitting an external volume 
reservoir,!! which not only alters the volume but 
the area ratio as well. The use of an external 
reservoir does offer some attractions, but extra 
care is needed to maintain a no leak seal. 


Cuff filling medium 


The use of saline as a filling medium will be 
effective in reducing the increase in pressure. Care 
should be taken to eliminate all air from the 
system and the dynamic behaviour of the cuff 
system?‘ is worthy of study. The suggested use of 
the anaesthetic gas as a cuff filling medium carries 
the risk of loss of seal under certain conditions, 
and should not be regarded as an automatic 
regulating system. For up to 3 hours use, a third 
gas (e.g. CO2) will provide some regulation. The 
conditions under which the cuffs were tested did 
not mimic clinical practice, but do show the 
applicability of the derived equation. 

The theory can be applied to clinical practice, 
however, if some assumptions are made: that the 
typical male and female tracheas .are circular, 
with a diameter of 20.5 mm and 16.5 mm respect- 
ively. (The contact area is then the area of 
the trachea minus the cross sectional area of the 
tracheal tube), that the volume of the cuff is the 
volume of air added to make the seal and that the 
temperature of the cuff is about 36°C. 

Using the formula, an approximate pressure 
rise can be calculated. This was found to give 
pressure rises within 10 percent of actual in a 
series of experiments.’ The applicability of the 
theory to the im vivo situation can thus be 
assumed. 

When anaesthetic gases are being considered, 
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the method is accurate enough if air is assumed 
to be a single gas. However, most of the transport 
of gas through the membrane is that of oxygen.* 
This can become important when oxygen en- 
riched air is used. The theoretical equation should 
then be used, using the partial pressures of oxygen 
involved. 

The result is an increase in pressure rather than 
the gradual decrease suggested by the simplified 
method. During oxygen therapy, with 30 per- 
cent oxygen, the pressure in the cuff could 
increase by 0.9 kPa (90 mm H,0) under the worst 
conditions. 

In summary, then, it can be said that the pres- 
sure in an inflated cuff will not remain constant 
The pressure may rise or fall in a manner which 
can be predicted using the characteristics of the 
cuff and its dimensions. The various methods 
which have been suggested to overcome the 
pressure rise during anaesthesia should only be 
regarded as palliatives for the short term. Cuff 
pressure monitoring on a regular basis should be 
regarded as the ideal practice, and special atten- 
tion should be given at times of change over of 
inspired gas. 
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Appendix 


Transfer of gas through a membrane occurs by 
permeation. The rate of permeation is determined 
by the permeability coefficient Q the area in 
contact A with the gas and the partial pressure 


Ap 


gradient across the membrane T i.e. 


q= 04° where q is the mass transfer per 
unit time. 

The permeability coefficient is temperature 
dependent. In practice, with tracheal intubation 
the situation presented schematically in Fig. 8 
prevails. Under these conditions V = volume of 
cuff; pi= partial pressure of the ith gas; a 
= above cuff; b= below cuff; c= inside cuff; 
A = surface area of cuff in contact with gas; L = 
thickness of cuff material; Q;= permeability 
coefficient of ith gas in cuff material; ml/s/sq 
cm/(cmHg/cm). 


Pia 





Pa 
Fig. 8. Schematic diagram of cuff. 


Then the total inflow of gas into cuff will be 
given by 


_ fs bP ia — Pie. 
a= SIZ OLA i 5+ Ase Lh 








Let 


Áa Ly 
x= 7-7. and pus = pet XPia, 


b Le 


then for the ith gas 


d A 
qı == Qi A (pix—(1 + x)px). 


From the gas laws 


where ną = number of moles of ith 





nR T 
Pic = 


gas in cuff; R= universal gas constant; T= 
temperature of gas (absolute). 


Then 





where V,,=molar gas volume 
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Pe oy IBV 
where Tm = temperature at test (absolute). 


Let 
apie Vie dp 


dt dt dV, 
Then 


. Pic _ TmQiAvPo 


VL, P" ~ (1 + x) pid. 


Ki = = and pio = pie (t = 0). 


then on integrating and rearranging, at constant 
temp and volume - 


Pis — [Pis — (1+ 2)pugle 0 + 4 


PeT 1+x 


Then total pressure change in the cuff. 

Ap = Diap = iTi Pro 
When 4P is positive, the volume of the cuff will 
tend to increase due to the elasticity of the 
material. Under the test conditions, this was 
confined to a slight ballooning of the ends of the 
cuff and hence a negligible change in volume. In 
vivo, the elastic nature of the trachea may result 
in a more dramatic volume change. 
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The stability of preservative-free morphine in plastic syringes 


R.J. BRAY, P. A. DAVIES anno J. A. SEVIOUR 


Summary 


The stability of preservatiye-free morphine in plastic syringes over 36 hours in the range of concentrations 
commonly used in our hospital to provide continuous morphine infusions was investigated. The morphine 
concentration remained at 100% (SD 1.5 percent) of the control values over 36 hours and demonstrates 


that the concentration of morphine is not reduced with time in these circumstances. 


Key words 
Analgesics; morphine. 


Continuous morphine infusions have been used 
at the Fleming Hospital for Sick Children for a 
number of years.! Initially, morphine with preser- 
vative was used to make up the infusion solutions, 
but a high incidence of phlebitis at the cannula 
site prompted a change to preservative-free mor- 
phine. This change considerably reduced the 
incidence of phlebitis without seeming to alter the 
clinical effect of the morphine. 

It was subsequently pointed out, however, that 
preservative-free morphine (200 ug/ml} appears 
to deteriorate in plastic syringes in as short a time 
as 20 minutes with the probable formation of 
apomorphine.™? The infusions did not seem to 
lose their clinical potency, nor was there any 
evidence of the vomiting that might be expected 
if significant amounts of apomorphine were 
present.* 

This study was undertaken to determine the 
concentrations of morphine delivered from con- 
tinuous infusions of different concentrations and 
at different time intervals up to 36 hours. 


Methods 


Four 60 ml polypropylene syringes (Monoject) 
were filled with 50 ml of normal saline and 5, 15, 
25 and 50 mg of preservative-free morphine 
(Macarthy’s Ltd.) was added, giving approximate 
concentrations of 100, 300, 500 and 1000 ug/:nl of 
morphine in normal saline. A control samrle of 
one ml was taken, after mixing, from each sy-inge 
and stored at — 18°C in a glass tube until it was 
assayed. The syringes were fitted into syringe 
pumps (Treonic [P3) and 2m of polyvinyl chloride 
catheter (Vygon) was attached to each of the 
syringes. A bacterial filter (Millex O.R.) was fitted 
to the end of each of the plastic catheters. Sub- 
sequent samples were taken from the outlets af the 
bacterial filters by temporarily increasing the rate 
of the syringe pump. The syringes were all kent at 
room temperature and set to run at | ml/bour. 
Samples were taken immediately after setting up 
and at 6, 12, 24 and 36 hours afterwards and were 
stored with the controls. 
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Table 1. Morphine concentrations, mean of two determinations, expressed 
as a percentage of the control values 








Time (hours) 





Morphine (mg) added 


to 50 ml normal saline Control 
5 100 
15 100 
25 100 
50 100 


0 6 12 24 36 
98.6 100 99.3 99.3 100 
100 98.9 98.9 100 100 
100 100.5 100.6 100 100 
98.6 986 100 100 99.2 





The morphine was assayed using a modifica- 
tion ofa previously published high pressure liquid 
chromatographic method. The chromatograph 
consisted ofa Waters 6000A pump, a Negretti and 
Zambra M190 valve fitted with a 20-ylitre loop 
and a Waters 441 detector operating at 254 nm, 
coupled in series with a Pye LC-UV detector 
operating at 284 nm. The column was 10 cm long, 
had an internal diameter of 4.5 mm and was 
packed with 5 u Hypersil ODS. The mobile phase 
consisted of 110 ml acetonitrile (Koch-Light 
HPLC grade), 10 ml 2% sulphuric acid (A.R. 
grade), 25 ml 1 percent ammonium acetate (A.R. 
grade), 30 ml 2 percent heptane-sulphonic acid— 
sodium salt (Fisons HPLC Grade), 325 ml distilled 
water. The solvent was degassed with helium 
before being pumped through the column at a 
rate of 1 ml/minute. Under these conditions the 
morphine had a retention time of 5 minutes. 

Samples of 100 plitres were used to flush and 
fill the 20 ylitre sample loop. The use of this 
procedure in conjunction with an air flush in 
between each sample injection ensured complete 
flushing and filling of the loop. All the samples 
were injected in duplicate and the mean result 
taken. The ratio of peak height at 284 mm to peak 
height at 254 nm was measured for each sample 
to monitor the peak integrity, and remained con- 
stant at 1.66. The percentage purity of the samples 
was-expressed as the peak height at 284 nm of the 
sample compared with the peak height at 284 nm 
of the control. 


Results 
The results are displayed in Table 1. 


Discussion 

The four infusions were set up in exactly the same 
way as they are normally used clinically and the 
concentrations were all within the clinical range. 
The assay results up to 36 hours showed that the 
concentration of morphine remained within 1.5 
percent of the control values, thus demonstrating 
that no decay of morphine had occurred in these 
circumstances. 

In conclusion, it has been impossible to 
demonstrate any reduction in concentration of 
preservative-free morphine over a period of 36 
hours in the particular circumstances of the 
morphine infusion used in our hospital. 


References 


1. Bray RJ. Postoperative analgesia provided by mor- 
phine infusion in children. Anaesthesia 1983; 38: 
1075-8. 

2. Orr IA, DUNDEE JW, MCBRIDE C. Preservative free 
morphine denatures in a plastic syringe. Anaesthesia 
1982; 37: 352. 

3. Orr IA. Postoperative analgesia provided by intra- 
venous morphine infusion in children (letter). 
Anaesthesia 1984; 39: 291. 

4. Bray RJ. Postoperative analgesia provided by 
intravenous morphine infusion in children (letter). 
Anaesthesia 1984; 39: 291. 

5. Moorz RA, Batpwin D, McQuay HJ, 
BULLINGHAM RES. HPLC of morphine with electro- 
chemical detection: analysis in human plasma. 
Annals of Clinical Biochemistry 1984; 21: 125-30. 


Anaesthesia, 1986, Volume 41, pages 296-301 


CASE REPORT 


Anaesthesia for Friedreich’s ataxia 


Case report and review of the literature 


C. F. BELL, J. M. KELLY ano R. S. JONES 


Summary 

A patient with Friedreich's ataxia was anaesthetised on two occasions. The neuromuscular blocking agent 
was atracurium 0.5 mg/kg on the first occasion and tubocurarine 0.5 mg/kg on the second. The effect of 
each was monitored using the train-of-four twitch technique. Friedreich’s ataxia has been reported to cause 
a marked sensitivity to non-depolarising muscle relaxants and hyperkalaemia, with resulting cardiac 
dysrhythmias after suxamethonium. This patient did not demonstrate an abnormal response to either 
relaxant; the operating conditions were satisfactory and recovery was not delayed. These drugs may be 


safely used in this condition provided that monitoring is adequate. 


Key words 


Friedreich’s ataxia. 


Neuromuscular relaxants, atracurium, tubocurarine. 


Friedreich’s ataxia, although rare, is the most 
common of the hereditary ataxias. It is usually 
transmitted in an autosomal recessive manner, 
although sporadic cases do occur. It occurs 
equally in males and females. There is a progres- 
sive degeneration of the spinocerebellar and 
pyramidal tracts, together with dorsal root 
ganglion atrophy, giving rise to mixed upper and 
lower motor neurone involvement. The disease is 
usually steadily progressive, and few patients 
survive more than twenty years after the onset of 
symptoms, although it can arrest spontaneously.: 

The main complaint is of ataxia, most marked 
in the lower limbs and often accompanied by 
dysarthria, nystagmus (present in 70%) and 
skeletal muscle weakness. Optic atrophy and 


retinal pigmentation occur and there is sig- 
nificant cardiomyopathy in 10-50% of these 
patients.? Pes cavus and scoliosis almost always 
develop. Death is often sudden and may be 
associated with cardiac dysrhythmias. Surgery 
may be required in this condition for associated 
problems (e.g. pes cavus or kyphoscoliosis) or for 
problems unrelated to the neurological disease. 

There is little in the literature concerning the 
use of muscle relaxants during anaesthesia—only 
one case report from Japan,? in which a 
47kg boy demonstrated hypersensitivity to tubo- 
curarine; 3.9 mg produced apnoea for 90 minutes 
when used with nitrous oxide, oxygen and 
halothane. Kadis* discusses management of 
Friedreich’s ataxia under spinocerebellar de- 
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generation and, although there is no specific 
reference to the use of muscle relaxants in this 
disease, he recommends that patients with Fried- 
reich’s ataxia should be managed as those with 
amyotrophic lateral sclerosis. Defalque and 
Musunuru® also state that anaesthesia in 
Friedreich’s ataxia should be managed as for 
amyotrophic lateral sclerosis. Patients with the 
latter disease are vulnerable to hyperkalaemia 
following the administration of suxamethonium. 
They may also have electromyographic abnor- 
malities and a marked sensitivity to non- 
depolarising muscle relaxants, as seen in cases of 
myasthenia gravis. Cooperman‘ reported hyper- 
kalaemia resulting in dysrhthmias following 
normal doses of suxamethonium, in patients with 
disorders resulting in denervated muscle. In 1961, 
Mulder, et al.” reported marked sensitivity to a 
non-depolarising muscle relaxant in four patients 
with amyotrophic lateral sclerosis; a dose of 0.16 
mg/kg produced marked muscle weakness. Thus, 
the problems of sensitivity both to non- 
depolarising muscle relaxants and hyper- 
kalaemia following suxamethonium, together 
with the cardiomyopathy often seen in Fried- 
reich’s ataxia,? must all be considered if anaes- 
thesia is required. 

We report the details of a patient with Fried- 
reich’s ataxia, in whom neuromuscular monitor- 
ing using the train-of-four twitch response was 
employed throughout anaesthesia on two 
separate occasions using two different non- 
depolarising agents, atracurium and tubo- 
curarine. A brief account of the postoperative 
course is included, because it may be of relevance 
to those interested in management of these cases. 


Case history 

A female, aged 16 years, was presented for a two 
stage correction of spinal scoliosis—a cos- 
tectomy, to be followed by the definitive correc- 
tion of the spinal scoliosis. She had first presented 
when aged 12 with a 2-year history of clumsiness 
of gait. There was no family history of the disease 
and four siblings were alive and well. A pre- 
sumptive diagnosis of Friedreich’s ataxia was 
made. 

When aged 16 she attended the Royal Liverpool 
Hospital with a 2-year history of spinal scoliosis 
which had become worse in the last 3 months and 
she had become greatly concerned at her appear- 
ance. Apart from aching pain and some awk- 
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wardness of gait, there were no other complaints. 
On examination, the patient was found to look 
pale and weighed only 42 kg. She had a high- 
stepping gait and there was bilateral nystagmus 
and optic atrophy in the left eye. A marked 
thoracic scoliosis was present, with the convexity 
to the right and considerable posterior rib 
prominence on that side. The lower limbs showed 
wasting of the thighs and calves with bilateral pes 
cavus and diminished reflexes. There were no 
clinical signs of cardiac enlargement and no 
evidence of cardiac failure. - 

The haemoglobin was 10 g/d litre and a bone 
marrow analysis confirmed iron deficiency. Chest 
X ray showed the heart size to be at the upper 
limit of normal. The ECG showed non-specific T- 
wave inversion in leads II, DJ and aVF (this was 
not considered indicative of cardiomyopathy). 
Nerve conduction studies (right arm and leg) 
showed evidence of sensory axonal damage, but 
motor conductive velocities were within normal 
limits. Blood electrolytes, liver function tests and 
blood gas analysis were all within normal limits. 
The pulmonary function tests showed a marked 
restrictive abnormality, the forced vital capacity 
being 2.1 litres (predicted value 3.7 litres), forced 
expiratory volume in one second 1.8 litres 
(predicted 3.2 litres), the total lung capacity 3.91 
litres (predicted 5.2 litres) and the residual volume 
1.76 litres (predicted 1.5 litres). 


First operation: costectomy 


The patient was premedicated with diazepam 10 
mg orally. With the patient’s agreement, the 
equipment to monitor neuromuscular function 
was set up on the right arm before induction and 
control responses were recorded using the train- 
of-four twitch technique.® Anaesthesia was 
induced with fentanyl, droperidol and thio- 
pentone. Further control twitch responses were 
obtained while the anaesthetised patient breathed 
spontaneously a mixture of nitrous oxide and 
oxygen. Atracurium 0.5 mg/kg was then ad- 
ministered via a fast flowing infusion. The train- 
of-four response disappeared completely at 73 
seconds and tracheal intubation was carried out 
at 90 seconds. Intermittent positive pressure 
ventilation was then instituted using nitrous 
oxide 60% in oxygen and adjusted to provide an 
end-tidal carbon dioxide value of about 4.6 kPa. 

Incremental doses of atracurium 0.2 mg/kg 
were given when the first twitch response had 
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returned to 20% of control value; supplements of 
fentany! were administered when judged 
clinically necessary. After 1 hour 35 minutes the 
anaesthetic was supplemented with enflurane 
0.4-1% to induce controlled hypotension for 
surgery. The systolic blood pressure was main- 
tained at 80 mmHg for 1 hour 3 minutes. The 
enflurane was discontinued ! hour prior to 
administration of the anticholinesterase. Residual 
neuromuscular blockade was antagonised with 
neostigmine 5 mg given in two doses of 2.5 mg, 
5 minutes apart at the end of surgery; each was 
preceded by atropine 0.6 mg. The twitch response 
had returned to 24% of its initial value and the 
patient had already started to breathe spontane- 
ously at the time of administration of the first 
dose of neostigmine. Ten minutes after the second 
dose of neostigmine, when, clinically, there was 
good muscle tone, the patient was extubated 
uneventfully. The whole procedure lasted 4 hours, 
during which the patient received a total dose of 
atracurium of 60 mg. Recovery from this opera- 
tion was completely uneventful, with no detect- 
able change in neurological signs or symptoms. 


Second operation: Harrington rod 
instrumentation. T,—L, 


Fourteen days after her costectomy the patient 
was anaesthetised again. In order to compare the 
relative merits of the two relaxants, tubocurarine 
was used on this occasion and the procedure was 
otherwise as before. The initial dose of tubo- 
curarine was 20 mg (0.5 mg/kg); intubation was 
performed easily 130 seconds after this, even 
though the initial twitch height had not declined 
at all. Maximum depression of the first twitch (to 
20% of control) was reached 14 minutes after the 
initial dose had been given. 

Increments of tubocurarine 0.1 mg/kg were 
given when the first twitch response had returned 
to 20% of control height. Enflurane 0.6-2% was 
added to produce controlled hypotension, with a 
systolic blood pressure of 80-100 mmHg. It was 
commenced 2 hours 20 minutes after induction, 
continued for 3 hours and discontinued 40 
minutes before the end of the procedure. The 
operation lasted 6 hours 40 minutes and in this 
time the patient received 50 mg tubocurarine. 

Reversal of the neuromuscular block (with two 
doses of neostigmine 2.5 mg) as before, was rapid 
and complete. The first twitch response had re- 
turned to 57% when the first dose of neostigmine 


was given. Recovery from anaesthesia again was 
uneventful; the patient awakened quickly and 
was able to move all four limbs. 


Subsequent course 


The first 13 days postoperatively, the patient was 
nursed in a hyperextended position on a plaster 
bed, during which time she had daily physio- 
therapy with a full range of movements to all 
limbs. On the first day she developed signs and 
symptoms of the superior mesenteric artery syn- 
drome? which required treatment for 2 days. This 
presents as high intestinal obstruction caused by 
the narrowing of the angle between the superior 
mesenteric artery and the aorta; this follows 
correction of the spinal curve, which obstructs the 
third part of the duodenum. 

On the fourteenth day she was put into a full 
plaster cast and encouraged to walk. Mobilisa- 
tion was slow and difficult and even 28 days 
postoperatively she was only able to walk 10 m. 
Thirty-four days postoperatively she complained 
of sudden onset of upper chest pain and shortness 
of breath, and was found to have tachycerdia 
with a gallop rhythm and hypotension. Chest X- 
ray was unremarkable and the ECG showed a 
sinus tachycardia with occasional ventricular 
ectopics. Pulmonary embolus was diagnosed and 
anticoagulation with heparin was commenced. 
The following day her condition had deteriorated 
further and a flow-directed pulmonary artery 
catheter was inserted (to aid diagnosis and pe-mit 
thrombolytic therapy into the pulmonary artery). 
The pulmonary wedge pressure was found to be 
high (20 mmHg) and the cardiac output low (1.3 
litres/minute). However, lung scan and angio- 
graphy both failed to show evidence of embolism. 
There were some signs of myocardial infarction on 
the ECG, and the cardiac enzymes were raised. 

Despite supportive therapy with dopamine and 
positive pressure ventilation, the patient died on 
the thirty-eighth day after surgery. At post- 
mortem there was gross pulmonary oedema to- 
gether with a small amount of antemortem 
thrombus in the peripheral vessels of both lungs. 
No source of thrombus was found. The heart was 
moderately enlarged, with left ventricular 
hypertrophy and some degree of obstruction. 
Following the postmortem findings, it was con- 
cluded that the relatively small pulmonary emboli 
present in the periphery of the lungs were suf- 
ficient, in this patient, to cause acute cardiac 
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Table 1. Times of incremental doses from time of intubation in 








minutes 
Atracurium Tubocurarine 

Increment F.A. Normal (SD) F.A. Normal (SD) 
Ist 34 43 (11.2) 35 44.7 (15.2) 
2nd 56 71 (196 77 557 (21.8) 
3rd 97 89 (21) 113 83.0 (22.6) 
4th 148 99 (40.3) 188 

5th 186 129 (724) 251 

6th — 218 


Normal values with standard deviation (SD).1° F.A.—Fried- 
reich’s ataxia. After the third increment for the patient with FA, 
enflurane was added, so direct comparison is no longer possible 


with the normal series.!° 


failure in the presence of long-standing hyper- 
trophic cardiomyopathy. 


Results of neuromuscular monitoring 


The mechanical response to the train-of-four 
stimuli was recorded using a force displacement 
transducer (Grass FT 03C) and pen recorder. A 
normal train-of-four response (no fade) was 
obtained in control tracings on both occasions. 
The results obtained were compared with findings 
reported in normal patients studied in the same 
way.®-!° Following the initial dose of atracurium, 
the time to disappearance of the first twitch of the 
train-of-four (73 seconds in the patient with 
Friedreich’s ataxia) was similar to the time found 
in normal patients (mean 110, SD 28). Following 
the initial dose of tubocurarine in this patient, the 
first twitch response did not disappear com- 
pletely, but reached maximum depression at 13 
minutes. A similar response is found in some 
normal] patients, although in these patients the 
mean time to maximum depression was shorter 
(mean 4 minutes, SD 3). 

In the patient with Friedreich’s ataxia, the time 
to 20% recovery of the initial twitch height fol- 
lowing atracurium was somewhat faster, at 34 
minutes, than for normal patients in whom the 
mean time was 43 minutes (SD 11). The time to 
20% recovery after tubocurarine in the patient 
with Friedreich’s ataxia was 35 minutes, com- 
pared to a mean time in normal patients of 45 
minutes (SD 15). 

Increment times are given in Table 1. It can be 
seen that the times at which each increment was 
given before enflurane was added are comparable 
with the results obtained from normal patients. 


Clinically acceptable reversal of the residual 
neuromuscular blockade was obtained in the 
patient with Friedreich’s ataxia after neostigmine 
5 mg following each of the muscle relaxants. The 
height of the initial twitch had returned to 65% 
after neostigmine following atracurium, and to 
142% after neostigmine following tubocurarine. 


Discussion 


Defalque and Musunuru* and Kadis* have all 
pointed out that, as far as general anaesthesia is 
concerned, patients with Friedreich’s ataxia share 
many features with patients who have amyo- 
trophic lateral sclerosis (ALS). Patients with ALS 
are reported to show electromyographic evidence 
of a nerve conduction defect resembling myas- 
thenia gravis in a severely affected muscle,'!:!? 
whilst the nerve conduction to unaffected muscle 
groups in the upper limbs can be within normal 
limits. Hence the usual neuromuscular monitor- 
ing techniques may not reveal any pathology. 
During electromyographic studies of the affected 
musculature, the evoked potentials produced by 
supramaximal nerve stimulation showed a pro- 
gressive decline in amplitude.’ It was also shown 
that four patients with ALS who had some signs 
and symptoms comparable with myasthenia 
gravis, had the strength in the affected muscles 
increased appreciably after neostigmine or 
edrophonium. They were 4ll very sensitive to 
small doses of tubocurarine (requiring ap- 
proximately 0.016-0.032 mg/kg). 

Abnormal sensitivity in ALS to another non- 
depolarising muscle relaxant, gallamine, was 
reported by Rosenbaum, Neigh and Strobel in 
1971.15 Because of these reports, we considered it 
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a wise precaution to monitor neuromuscular 
transmission throughout anaesthesia in this 
patient with Friedreich’s ataxia, who required a 
non-depolarising muscle relaxant. 

In the patient reported here, the control trace 
showed no evidence of fade as seen in myasthenia 
gravis, and there was no measurable abnormal 
response to train-of-four stimuli after normal 
doses of either atracurium or tubocurarine. The 
only suggestion of a myasthenic characteristic 
was seen following the reversal of the residual 
neuromuscular blockade produced by tubocurar- 
ine; the height of the initial twitch response was 
increased to 42% above the control value, whilst 
the ratio of the fourth twitch response to the first 
at this point was 85%. This effect has been 
reported in a series of patients with myasthenia 
gravis after neuromuscular blockade with 
atracurium was reversed by neostigmine.'+ 
Clinically, the patient with Friedreich’s ataxia 
made a good recovery from the neuromuscular 
blockade produced by each relaxant, and the 
quoted hypersensitivity to tubocurarine was not 
manifest. 

Careful clinical monitoring to ensure adequate 
respiratory function must be continued post- 
operatively; in this disease, the response of the 
thoracic and abdominal muscles may differ from 
limb musculature and this may become apparent 
at this stage. Even in normal patients, there is a 
different sensitivity to the non-depolarising 
muscle relaxants. Unna and Pelikan! found that, 
in normal patients, doses of tubocurarine which 
produced a 95% decrease in grip strength resulted 
in depression of vital capacity of less than 20%. 
Although it would be preferable to carry out 
simultaneous monitoring of the abnormal leg 
muscles or the intercostal muscles, as described 
by Wright and Drummond,'* this may be 
clinically impracticable if it restricts surgical 
access. 

We do not consider that either of the anaes- 
thetics that the patient we studied received, con- 
tributed to neurological deterioration or her 
subsequent death. Postoperative anticoagulant 
therapy to reduce the risk of deep vein thrombosis 
may possibly have prevented the pulmonary 
emboli, but this is not routinely undertaken in this 
unit for spinal surgery. 

It is recommended*’s that cases of Friedreich’s 
ataxia should be treated like patients with ALS, 
but careful monitoring of the patient we studied 
showed no significant sensitivity to the non- 


depolarising muscle relaxants which were 
used. Atracurium may be clinically more pre- 
dictable in such cases because of its reliable 
degradation by Hofmann elimination, but 
neuromuscular function should be monitored 
throughout anaesthesia. 
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APPARATUS 
The Nellcor N-101 pulse oximeter 
A clinical evaluation in anaesthesia and intensive care 
J. A. TYTLER anp H. F. SEELEY 
Summary 


The accuracy of the Nellcor N-101 pulse oximeter has been evaluated in adult patients receiving general 
anaesthesia or intensive care. Readings obtained noninvasively with this instrument were compared with 
measurements made on arterial blood using a Radiometer OSM2 oximeter. The pulse oximeter was easy 
to use and within the range tested (70—100 percent saturation of haemoglobin with oxygen) the readings were 


within I digit of the values obtained by in vitro measurement. 


Key words 


Oxygen; blood levels. 
Measurement techniques, pulse oximetry. 


The measurement of Po,, now the standard 
means of assessing arterial oxygenation, suffers 
from two disadvantages. First, it is invasive and 
requires arterial cannulation or repeated arterial 
puncture. Second, unless sophisticated apparatus 
is used, the information provided is intermittent 
and only available after a delay of at least one 
minute. 

For many purposes, arterial oxygenation can 
be assessed adequately by measuring oxygen 
saturation of haemoglobin. The Hewlett-Packard 
47201A ear-oximeter has been available for over 
10 years for the noninvasive determination of 
arterial oxygen saturation. This instrument was 
used in two studies recently published,’:? but is 
no longer being manufactured. 

The latest generation of oximeters, the pulse 
oximeter, has been available in the United 
States for 2 years. The accuracy of one such 
instrument, the Nellcor pulse oximeter, has been 
assessed in paediatric patients? and in fit volun- 





teers breathing hypoxic mixtures.4 The present 
study assesses its accuracy in patients receiving 
general anaesthesia and intensive care. 


Apparatus 


The instrument measures the oxygen saturation 
of arterial blood in the finger pulp. A sensor is 
attached to the finger with adhesive tape. Within 
the sensor are two light-emitting diodes (LED), 
which transilluminate the finger with light of 
wavelengths 660 and 940 nm, and a photo- 
detector. The LEDs emit alternately, so that only 
one photodetector is needed and no filters are 
necessary. 

The use of two wavelengths enables the oxygen 
saturation of haemoglobin in the light path to be 
determined. However, the finger pulp contains 
arterial, capillary and venous blood. The signal 
from the photodetector is fed to a microprocessor 
so that only pulsatile signals are used to cal- 
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culate saturation. Arterialisation by heating or 
chemical vasodilatation is therefore unnecessary. 
The sensors are sterile when delivered and are 
classified as for single use; however, they can be 
re-used and only three sensors were used during 
this study. 

The microprocessor is contained within a 
display unit which gives a digital readout of 
saturation and pulse rate. The pulse amplitude is 
indicated by the vertical height of a 16 segment 
LED array. Displayed saturation and pulse rate 
are based on the mean values of the preceding 5-7 
beats. Variable alarms are provided for warning 
of low saturation and high and low pulse rates. 
An internal battery is fitted. Each pulse can be 
accompanied by a bleep, the pitch of which varies 
with the saturation value, thus providing im- 
mediate auditory warning of changes in heart rate 
and saturation. 

The unit is ready for use 15-20 seconds after 
switching on and stable readings are obtained 
after a few heart beats. Calibration is automatic. 
The necessary information is contained within 
each sensor and is read by the microprocessor. 
Any adjustment necessary is then carried out 
internally. 

A chart recorder designed to accompany the 
pulse oximeter is available. Two chart speeds of 
5 and 25 mm/minute are provided. Information 
is transferred to the recorder through a flexible 
fibreoptic link. 


Methods 


The study was approved by the Wandsworth 
District Ethical Committee. Two groups of 
patients participated in the study. One group was 
receiving treatment in an intensive care unit, the 
other was undergoing thoracotomy. This opera- 
tion was chosen because even with impeccable 
anaesthetic technique, there is an incidence of 
arterial hypoxaemia during one lung anaesthesia. 
The patients’ ages ranged from third to eighth 
decades and some patients had deeply pigmented 
skin. In all cases a radial artery cannula had 
already been inserted as part of routine manage- 
ment. 

The pulse oximeter sensor was attached to a 
finger of the hand supplied by the cannulated 
artery. When the reading was stable, 0.25 ml of 
arterial blood was withdrawn and the oxygen 
saturation measured using an automated oxi- 
meter (Radiometer OSM2). The pulse oximeter 
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reading was noted at the time of sampling. No 
more than 2 ml of blood was taken from any one 
patient in this study. 

The performance of the OSM2 oximeter has 
been evaluated by Saloojee and colleagues.” Over 
the entire range of oxygen saturation (0-100 per- 
cent), measurements made by this instrument were 
in close linear relationship to those made by an 
absolute method of oxygen content analysis (cor- 
relation coefficient = 0.999; standard error of 
estimate = 1.5 percent O, saturation). The 
repeatability standard deviation was 0.47 percent 
oxygen saturation. 


Results 


Seventy-two paired estimates of arterial satura- 
tion were obtained. The data from the two groups 
of patients have been pooled and are displayed 
graphically in Fig. 1. 
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Fig. 1. Saturations measured by OSM2 oximeter (Sat 
(OSM2)%) plotted against saturations measured by 
Neilcor pulse oximeter (Sat(POx)%). 


The data have been analysed by the method 
suggested by Altman and Bland‘ for the com- 
parison of two methods of measuring the same 
quantity. The differences between pairs of 
measurements are studied: a histogram of dif- 
ferences gives an indication of the statistical 
distribution; a plot of differences against the 
mean values permits an assessment of error and 
bias throughout the range studied. A paired t- 
test on the mean of observed differences as 
compared with a mean of zero gives a value to the 
probability of inherent bias in one method as 
compared with standard. 

The results are presented in Table 1. They 
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Table 1. Summary of statistics on differences between 
pairs of saturation measurements 


Sat (OSM2)%-Sat (POx)% 
Number 72 
Range 2.3% to — 2.5% 
Mean 0.4% 
Standard deviation 1.2% 
S.E. mean 0.1% 


95% confidence interval for mean 0.1% to 0.7% 
Paired t-test on differences, mean = 0 p = 0.005 


indicate that the pulse oximeter tends to under- 
read slightly when compared with the OSM2, the 
mean difference being 0.4 percent O, saturation. 
This could in part be due to truncation by the 
Nellcor instrument; for example, saturations 
between 94.0 and 94.9 percent would be displayed 
as 94 percent. The results are well within the 
manufacturer’s specification of 2 digits within the 
range 70-100 percent saturation. 


Discussion 

A recent review of methods for monitoring 
oxygenation during anaesthesia suggested that 
‘reliance on clinical observation to detect 
hypoxaemia would seem to be at best unwise’.° It 
also suggested that pulse oximetry is becoming 
‘care-standard’ for anaesthetic practice in the 
United States. 

The adoption of this technique during routine 
anaesthesia seems unlikelyinthe United Kingdom, 
but there are occasions when rapid warning of 
a decrease in arterial saturation would be very 
useful. Hypoxaemia frequently accompanies 
bronchoscopy, dental chair and thoracic anaes- 
thesia, and pulse oximetry would be a valuable 
guide to arterial oxygenation during high 
frequency ventilation. It would also indicate 
hypoxaemia during tracheal suction and chest 
physiotherapy. 

Both oximeters used in this study are designed 
to measure functional haemoglobin saturation. 
By definition, this saturation is unaffected by the 
presence of other haemoglobin species such as 
carboxyhaemoglobin; this substance may, how- 
ever, interfere with the measurement. The OSM2 
is so designed that carboxyhaemoglobin has a 
negligible effect when the saturation is within the 
physiological range; for the Nellcor instrument, 
the maximum measurement error is 10 percent of 
the carboxyhaemoglobin percentage* and, for 
clinical purposes, this error can be ignored. How- 


ever, the presence of other coloured substances, 
such as methaemoglobin, bilirubin or Cardio- 
green, may affect the accuracy. 

In this study, the pulse oximeter was not tested 
in patients who were severely hypotensive or 
hypothermic, nor has the accuracy been deter- 
mined when arterial saturation is below 
70 percent. Under standard conditions a satura- 
tion of 70 percent corresponds to a Po, of about 
5 kPa, and such low values are rarely encountered 
in arterial blood. 

The Nellcor pulse oximeter is easy to use and 
provides, noninvasively, a rapid and accurate 
indication of arterial oxygen haemoglobin 
saturation. It would benefit from provision of 
electrical outputs, so that saturation and heart 
rate could be recorded on other chart reccrders. 
The Nellcor Recorder lacks an event marker, and 
a much wider range of chart speeds would 
increase its versatility. 


Manufacturers 


The Nellcor N-101 pulse oximeter and Nellcor N- 
9000 recorder are manufactured by Nellcor 
Incorporated, 3116 Diablo Avenue, Hayward, 
California 94545; the current prices (May 1985) 
are U.S. $5800 and U.S. $1695 respectively. 
Nellcor expect to market these instruments in the 
United Kingdom in late summer, 1985. 
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APPARATUS 


Force exerted by epidural catheters 


P. A.J. HARDY 


Summary 


In a study of epidural catheters, it was found that catheter material and catheter diameter both influenced 
the force exerted. Catheters made of nylon exert less force than those made of polyethylene. Diameter 


is proportional to the logarithm of force exerted. 


Key words 
Equipment, epidural catheters. 


The abnormal placement of an epidural catheter 
passed through a successfully placed epidural 
needle has an incidence of up to 10 percent.! Intra- 
venous insertion is the most frequent abnormal 
site, although subdural? or subarachnoid? loca- 
tion may occur. Correct siting of the catheter 
may be improved by procedures such as fluid 
loading the space prior to insertion.* The force 
exerted by catheter tips has been acknowledged 
as a factor in abnormal placement,* although 
no data exist to substantiate this. 

A study was performed to assess the force 
exerted by catheter tips and to assess factors 
which may lead to a reduction in this force. 


Method 


A variety of epidural catheters were used (Table 
1), which included all those which were readily 
available in the Edinburgh group of hospitals. 
In addition, examples of the Arrow Racz 
catheters were obtained and included in the 
analysis. Five of each type were tested. 





Table 1. Catheters tested 


Make Type Gauge Material 
Portex Open end 16 Nylon 
Single lateral eye 16 
Three helical eye 16 
Three helical eye 18 
Vygon Open end 19 Polyethylene 
Open end 
(Stillette removed) 19 
Arrow Racz 20 Nylon 
reinforced wire 


The method used was as follows. A modified 
Tuohy needle, with the tip removed, was used 
as a guide to support each catheter. The terminal 
0.5 cm of catheter extended beyond the end 
of this guide. This length was chosen to allow 
flexion of the tip while remaining free of the 
lateral apertures in the lateral eye catheters. 
The catheter tip was directed perpendicularly 
to the pan of a Salter (No. 512) spring balance, 
the calibration of which had been checked prior 
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to use; the end point was taken when the catheter 
bent. Measurements were made at room tempera- 
ture. The maximal force exerted was measured 
in Newtons. 


Results 


The results obtained were analysed by Mann- 
Whitney U Tests between each of the pairings 
(Table 2). It was found that there was no sig- 
nificant difference between the results for any 
of the 16-gauge Portex catheters or between 
these and the 19-gauge Vygon catheters. There 
was a significant reduction in force exerted by 
the 18-gauge Portex compared to both the 16- 
gauge Portex and 19-gauge Vygon types. The 
Arrow catheters exerted significantly less force 
than any of the other types tested. 


Table 2. Mean force exerted (SD) 


Force 
Type (N) 


Portex ` OE 0.912 
(0.027) 

SLE 0.902 

(0.027) 
0.912 
(0.027) 
0.520 
(0.027) 
0.961 
(0.027) 
OE 0.912 
(0.027) 

0.176 

(0.027) p<0.01 


OE, open end; SLE, single lateral eye; THE, three 
helical eye. 


Significance 


16g THE 
18g THE 


; p<0.01 
Vygon . OE 


Arrow 


Discussion 


In a study of the stiffness of central venous 
cannulae, Stenqvist and colleagues® identified 
cannula material as a major source of variation. 
They found that silicone elastomer, polyvinyl- 
chloride and polyurethane were much less stiff 
than polyethylene and teflon cannulae. They 
also observed that in the polyethylene group, 
narrower cannulae were less stiff. 

In the present study, it was found that the 
19-gauge polyethylene catheters exerted sig- 
nificantly more force than the 18-gauge nylon 
types. The 19-gauge polyethylene catheters 
exerted as much force as the larger 16-gauge 
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Fig. 1. The relationship between radius (r) and force 
exerted (F) for epidural catheters, venous cannulae 
and spinal needles. ralog,,F. (O), B-D spinal needles; 
` (A), Venflow cannulae; (@), epidural catheters. 


nylon catheters. This supports the observation 
of Stenqvist et al.6 that polyethylene is a more 
rigid material. 

The force exerted was found to be related 
to diameter in the group of nylon catheters. 
In a series of observations on teflon venous 
cannulae and steel spinal needles (Hardy, un- 
published data) diameter was found to be pro- 
portional to the logarithm of the exerted force 
(Fig. 1). Catheter diameter is therefore an impor- 
tant factor in tip force. The introduction of 
a wire-spiralled tip, as in the Arrow catheter, 
produces a significant reduction in exerted force. 
The change in design is, however, accompanied 
by a significant increase in cost. 

In summary, the force exerted by epidural 
catheter tips is an acknowledged cause of ab- 
normal catheter placement. It was found that 
those made of nylon exert less force than those 
of polyethylene. It was also found that catheter 


‘diameter is proportional to the logarithm of 


force exerted. 
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APPARATUS 
Halothane and trichloroethylene 
Two agents in a single vaporizer 
N. HOLLIS 
Summary 


The vapour pressures of static mixtures of halothane and trichloroethylene and the output of th 
vapours from an Oxford Miniature Vaporizer filled with mixtures of the two liquids have been studi 
a small pilot study, a mixture of halothane and trichloroethylene was used for drawover anaesthe, 
patients having minor surgery; this seems to work satisfactorily and may have some limited applica. 


Key words 


Anaesthetics, volatile; halothane, trichloroethylene. 


Equipment; vaporizers. 


There is no single inhalational anaesthetic agent 
which is ideal for a patient breathing spontane- 
ously, using only air or oxygen enriched air as the 
carrier gas, as would be used in a drawover 
anaesthetic system. Ether is flammable and 
induction and recovery are slow; halothane can 
be given until a patient is almost apnoeic and yet 
he may still move in response to surgical stimulus; 
enflurane may be better in this respect) and 
trichloroethylene alone is unsuitable for general 
anaesthesia without the use of muscle relaxants. 

Various combinations have been used to 
overcome the disadvantages of individual 
agents and that of halothane and trichloro- 
ethylene used with oxygen enriched air has 
retained popularity. This was first described 
by Gabbe and Ozorio;? it has been used exten- 
sively and has been found to be clinically most 
useful as a drawover anaesthetic for spontane- 
ously breathing patients.* The pharmacology of 


the two agents makes their combined use cor 
mentary and the disadvantages of each 
reduced, e.g. hypnosis versus analgesia. 
spiratory depression versus tachypnoea. Thi 
anaesthetics are usually administered with 
vaporizers in series, one for halothane and or 
trichloroethylene, as for example in the Trise 
equipment, where the two Oxford Mini: 
Vaporizers (OMV) are used.* 

The purpose of this study was to examin 
feasibility of mixing halothane and trich 
ethylene for draw over anaesthesia with a s 
vaporizer. This involved the following 
cedures: examination of the vapour pres 
above various mixtures of halothane 
trichloroethylene and determination of wh: 
or not an azeotropic mixture is formed; mea 
ment of the vapour output from an OMY w 
has been filled with mixtures of the two ag 
use of a 3:1 mixture of halothane and trich 
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ethylene for draw-over anaesthesia with a single 
vaporizer to determine its usefulness as a general 
anaesthetic for minor surgery in spontaneously 
breathing patients. 


Halothane-trichloroethylene liquid—vapour 
composition analysis 
Apparatus and method 


Halothane and trichloroethylene vapour pres- 
sures were measured from 20-ml glass syringes 
sealed with nylon stopcocks. The temperature of 
the liquid and vapour in the syringes was stabil- 
ised by placing them in a bucket of water at 20°C. 
The measurement of halothane and trichloro- 
ethylene partial pressures was made with a 
Centronic 200 MGA Mass Spectrometer. 

Samples of 5 ml of liquid halothane and 
trichloroethylene mixtures were made up in 
sealed 20-ml syringes with 10 mi of air. Eleven 
different proportions were tested from pure 
halothane to pure trichloroethylene. The mix- 
tures were shaken and allowed to settle for a few 
minutes before the atmosphere above the liquid 
was sampled in the mass spectrometer. Each 
proportion of the mixture was made up ten times 
and each was sampled. The temperature was 
maintained at 20°C by a water bath and the 
pressure within the syringe was allowed to equal- 
ise with that outside (101.6 kPa). 

Calibration of the mass spectrometer. It was 
found that by shaking 5 ml of halothane or 
trichloroethylene in a sealed 20-ml glass syringe 
with 10 ml of air, a saturated vapour could con- 
sistently be produced. This was verified by check- 
ing the predicted vapour strengths against that 
measured in a Raleigh refractometer (in the case 
of halothane the sample was diluted 10:1 with air 
before reading). The saturated vapours made in 
the syringes were used to calibrate the mass 
spectrometer in the high concentration ranges 
being looked at (33% halothane and 9% 
trichloroethylene). 

No formal test of the linearity of the digital 
voltmeter output was made. In low concentration 
ranges (0-6% halothane), the accuracy of the 
digital voltmeter was confirmed using in- 
dependent standards of known vapour strengths 
provided by British Oxygen Company (BOC) or 
made by dilution of known quantities of 
halothane and trichloroethylene. The calculated 
vapour concentrations were verified by refracto- 
metry. In the high concentration range, vapours 


were made up at temperatures between 19 and 
22°C, i.e. saturated concentrations of helothane 
31-35%, but the mass spectrometer nevertheless 
read consistently for the agents measured at 20°C 
from the syringe in the water baths. 


Results 


These are shown in Fig. 1. The symbol - represents 
each different liquid proportion of halothane and 
trichloroethylene studied. The position of the 
symbol on the x axis represents the mole fraction 
of halothane in trichloroethylene in the liquid. 
The position on the y axis represents tke com- 
bined partial pressures of halothane and tri- 
chloroethylene in the mixture. The bar represents 
one standard deviation each side of the mean 
(there were ten readings in each case). Each group 
of samples is linked by equilibrium tie-linzs to 0, 
which show the proportions of the two agents in 
the vapour phase at a common total pressure. 


Vapour output 
Apparatus and method 


The equipment is shown diagrammatically in 
Fig. 2. The vaporizer used was an OMV 50. The 
settings were graded in terms of angula? scale 
settings: at 0° the vaporizer is off, at 20° the ports 
begin to open and at 80° the output is maximal. 
The vaporizer was connected by rubber elephant 
tubing to a Starling respiration pump, which 
drew air through the vaporizer in a fashion to 
mimic normal breathing; thus, a volume of 350 ml 
was drawn through fifteen times a minute, giving 
a minute volume of 5.2 litre/minute. The vapour 
concentrations produced by the OMV were 
measured by a Centronic 200 MGA mass spec- 
trometer. This was calibrated with a mixture of 
2% halothane and 1% trichloroethylene, 
provided by BOC. 

The OMV was filled with 50 ml of halothane 
and trichloroethylene mixture. Three proportions 
of the two agents were examined: 37.5 mi halo- 
thane and 12.5 ml trichloroethylene (3:1); 30 ml 
halothane and 20 ml trichloroethylene (3:2) and 
25 mi of each (1:1). Outputs of the vapour were 
measured at various settings for the 3:1 mixture 
(the one that was reckoned to be the most useful 
for clinical use). Between measurements at each 
setting (30°, 40°, 50°, 60°, 70°, 80°), the vaporizer 
was emptied of any unused liquid and refilled 
with fresh mixture. The output was initially 
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Fig. 1. Vapour-pressure composition diagrams for halothane and tri- 
chloroethylene. Temperature 20°C at 101.6 kPa atmospheric pressure. Phal 
and Prce represent the partial pressure of halothane (H) and trichloro- 
ethylene (TCE) in the liquid phase; line L is their sum. Curve V gives the 
corresponding vapour composition with the liquid at a certain pressure. 
These are calculated for H and TCE, assuming they behave as an ideal liquid 
pair and obey Raoult’s Law. (#) Represents the liquid composition and 
vapour pressure found by experiment (mean/,SD). These points are joined 
by equilibrium tie-lines to points O which give the corresponding vapour 
composition at a common total pressure. 


recorded at 30-second intervals then, later, every 
5 minutes for one hour, in most cases. The out- 
puts of the vaporizer with the 3:2 and 1:1 mixture 
were only measured at the 70° setting. In one case, 
the vaporizer setting was altered several times 
during the experiment (Fig. 3). Laboratory 
temperature varied between 22° and 24°C. 
There were at least two series to confirm the 


reproducibility of the results for each setting. 
Sampling was from two points along the 
tubing, 50 cm apart, which gave the same read- 
ings. Moving the probe tip within the tubing 
did not alter readings; thus, it is likely that the 
saturated vapour and diluent air coming from the 
vaporizer were properly mixed before sampling. 
The method of purging the tubing did not affect 
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OMV SP MS 


Fig. 2. Box diagram of the apparatus determining the 
output from the Oxford Miniature Vaporizer (OMV). 
MS, mass spectrometer; SP, Starling respiration pump. 


the absorption or release of vapour from the 
tubing. 


Results 


These are shown in Figs 3 and 4. In Fig. 4g) the 
temperature of the outside of the OMV was 22°C 
at the beginning and 13.5°C after one hour, giving 
some idea of the amount of cooling that took 
place. In Fig. 4(f) there was 8 ml of liquid left in 
the vaporizer bow! after 80 minutes; in Fig. 4c) 
there was [5 ml left after 90 minutes. 


Drawover anaesthesia with a 3:1 halothane/ 
trichloroethylene mixture 


The basic feasibility of the technique was assessed 
in four unselected patients from a general surgical 
list who were anaesthetised with a 3:1 halothane/ 
trichloroethylene mixture. The only provisos 
were that the patient should breathe spontane- 
ously and should not be grossly unfit and that the 
operation should not be expected to last more 
than one hour. The equipment consisted of the 
OMV attached to an Oxford Inflating Bellows 
with an Ambu anaesthetic non-rebreathing valve 
next to a facemask or tracheal tube (the 
components were joined with polythene tubing). 
Oxygen was added at 1 litre/minute into 
a metre length of tubing on the inlet side of 
the OMV, giving an Fio, of between 0.4 
and 0.6, depending on the pattern of breathing. 
Expired minute volume was measured with a 
Wright electronic respirometer and the inspired 
halothane and trichloroethylene concentrations 
measured with the mass spectrometer. However, 
only in one patient was it possible to obtain a 
permanent trace of the inspired vapour con- 
centrations. (Fig. 5.) 

Modified anaesthetic records for two of the 
patients are shown in Figs 5 and 6. One of the four 
patients had a turbulent anaesthetic. He was a 


63-year-old 86kg smoker having surgery for 
varicose veins. Premedication consisted of 
papaveretum 15 mg and hyoscine 0.3 mg. After 
thiopentone and suxamethonium for induction 
and intubation he failed to settle; he strained 
and coughed and thus did not breathe enough. 
He was therefore given more muscle relaxant 
and his lungs were ventilated with the vaporizer 
setting reduced to 30°; the anaesthetic 
then continued uneventfully to the end of 
the procedure 45 minutes later. In all other 
respects, the anaesthetics seemed good. The 
tachypnoea sometimes seen with trichloro- 
ethylene alone was not seen in these patients. 
Emergence in all cases was uncomplicated; there 
was no shivering, vomiting, nausea or complaint 
of pain. The speed of recovery seemed as quick as 
with usual anaesthetic techniques, and the re- 
covery staff made no adverse comments. The 
patients were visited 4 hours later and none 
reported any adverse effects from anaesthesia. 


Discussion 


Raoult’s Law’ (see Appendix) describes how, at 
constant temperature, the vapour pressure of a 
solvent is lowered by the presence of a solute. If 
the components of the system behave as an ideal 
mixture (and few in practice do), then the total 
vapour pressure of the liquid will be linearly 
related to the mole fraction of solvent present. 


Angular scale setting 
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Fig. 3. Concentrations of halothane (——) and tri- 
chloroethylene (—) produced simultaneously from an 
OMV. Angular scale settings on the vaporizer and the 
initial starting proportion of halothane to trichloro- 
ethylene are shown. For further detail, see text. 
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Fig. 4. The effect of altering the angular scale setting on halothane (H) and tri- 
chloroethylene (TCE) concentration during a single administration. Starting 
proportion H to TCE is 3:1. (——:), Halothane; (-—©), trichloroethylene. 


This is shown by line L in Fig. 1, calculated for 
the halothane and trichloroethylene pair as- 
suming that they obey Raoult’s Law. A corollary 
of this law is that for any given liquid mixture, the 
vapour above it will be richer in the more volatile 
liquid—in this case halothane. Curve V in Fig. | 
shows the proportion of each agent in the vapour 
phase above any liquid proportion, again cal- 
culated assuming that they behave as an ideal 
liquid pair. 

An azeotrope is a liquid mixture of constant 
boiling point at a given pressure; thus, the liquid 
and the vapour phases have the same molar 
proportions of the two components of the mix- 
ture unless the ambient pressure is changed. For 


example, water and ethanol have an azeotropic 
mixture of 95% ethanol and 5% water at normal 
atmospheric pressure. This would be shown on a 
vapour composition diagram by coincidence of 
the liquid and vapour curves. 

The results of the experiments show that there 
is no tendency to form an azeotrope, at least 
between 5% and 95% halothane in trichloro- 
ethylene (the extremes were not studied). In fact, 
the mixture behaves quite closely to an ideal 
liquid; compare @ with line Land O with curve V 
(Fig. 1). There is no evidence that the two agents 
react chemically with each other (information 
from ICD. 

Halothane and trichloroethylene do not 
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Fig. 5. Modified anaesthetic record for a patient 
breathing spontaneously a 3:1 H and TCE mixture. 
Patient A. A 23-year-old female, ASA 1, 58 kg. 
Removal of breast lump. Premedication: papaveretum 
15 mg and hyoscine 0.3 mg. Induction: thiopentone 350 
mg. Maintenance: halothane and trichloroethylene 
mixture, starting with a 3:1 ratio in oxygen-rich air. 


form an azeotrope so their proportions change 
continuously as they are vaporized. This is 
seen in Fig. 4, where for a given starting com- 
position the halothane concentration decreases 
over a period while the trichloroethylene 
concentration increases. In addition, a fall in 
temperature of the OMV (which is only thermo- 
stabilised) lowers the output of halothane more 
than that of trichloroethylene. When giving 
an anaesthetic, this effect of cooling is 
reduced because the minute volume of the patient 
is often less than the 5.2 litres/minute of 
the Starling pump. Furthermore, if low settings 
are used on the vaporizer, the tendency to cool 
will also be reduced. The 3:1 starting ratio was 
chosen for the patient studies because it was 
considered that this would be the most useful; an 
adequate quantity of halothane is needed at the 
beginning of the administration, to establish a 
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Fig. 6. Modified anaesthetic record for a patient 
breathing spontaneously an H and TCE mixture. 
Inspired vapour concentration measured with a mass 
spectrometer. Patient B. A 65-year-old fema.e, ASA I, 
66 kg. Removal of large lipoma on chest wall. Pre- 
medication: papaveretum 10 mg and hyoscine 0.2 mg. 
Induction: thiopentone 200 mg. Mamtenance: 
halothane and trichloroethylene mixture, starting with 
a 3:1 ratio in oxygen-rich air. *, Atropine 0.€ mg given 
intravenously for a pulse rate of 43 bea-s/minute. 
¢ ), Halothane; (——), trichloroethylene. 





reasonable depth of anaesthesia rapidly. That the ` 


halothane output becomes less with time, for- 
tunately matches the general requirements of 
inhalational anaesthesia. The more slowly 
increasing output of trichloroethylene does, in 
part, make up for this loss of anaesthetic potency. 

When using the Triservice equipment, where 
the trichloroethylene is given through a separate 
vaporizer from the halothane, it has been recom- 
mended that the trichloroethylene can te left at 
1% as a ‘nitrous oxide substitute’ and the depth 
of anaesthesia adjusted by altering the helothane 
output. Clearly, that degree of flexibility is not 
possible when the source of both agents is from 
a single vaporizer as one has no control over their 
relative proportions, except by selecting the initial 
starting ratio. In practice, this does not seem to 
matter and one adjusts the depth of anaesthesia 


in the normal way, according to the signs of the | 


patient. 


-j 


ae 


Conclusions 


The use of two suitable vaporizers is probably the 
best way of administering mixtures of halothane 
-and trichloroethylene, although the predictability 
-of the vapour output may not be as good as one 
might first think. If the vaporizers are in series, 
vapour from the upstream one will always dis- 
solve in the liquid in the downstream one. How- 
ever, if necessity, expense or weight made it ex- 
_ ‘pedient to have only one vaporizer, the method of 
mixing described produces good anaesthetic for 
drawover anaesthesia, which is superior to halo- 
thane alone. It would also be applicable to other 
simple vaporizers, e.g. the Goldman or im- 
provised ones.° The use of Fig. 4 may assist those 
wishing to estimate approximate concentrations 
of vapour produced. 
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Appendix 
A note on Raoult’s Law 
Raoult’s Law states that at constant temperature 
the vapour pressure p, of a solvent equals that of 
the pure solvent, p,°, multiplied by its mole frac- 
tion, x; 


Pı = Pix (T const). 
Applied to a mixture of two substances, the total 
vapour pressure of the mixture, p, is a linear 
function of either component in the liquid phase, 
ie; 

P= PiX + pr X2. 

where subscripts 1 and 2 refer to the two agents. 
The mole fraction of agent 1 in the vapour phase, 
x, is given by 
Pr _ Pri 
Po py xy + px 
At 20°C p° = 32.3 kPa for halothane and 7.88 


kPa for trichloroethylene. Line L and curve V in 
Fig. 1 were derived from these equations. 


y= 
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Clinical automatic control of neuromuscular blockade 


A. J. ASBURY anv D. A. LINKENS 


Summary 

A simple feedback control technique has been used to automatically deliver pancuronium to anaesthetised 
surgical patients. The dosage rate is automatically adjusted at 10-second intervals, according to the 
measured evoked, rectified, integrated electromyogram. When set to demand 80 percent blockade, 
in 40 patients, the controller maintained blockade at a steady mean level of 72.9 percent (consuming 
pancuronium at a mean rate of 0.47 yg/kg/minute). The main clinical practical problems involved 


protection against electrical noise and the need to spend time setting up the equipment. 


Key words 


Anaesthetic techniques; automated. 


Neuromuscular relaxants, measurement of response. 


One of the problems of using neuromuscular 
blocking drugs is that there is a considerable 
variation in individual response and, in the 
absence of effective monitoring, overdosage may 
occur. One strategy to avoid overdosage is to 
give a modest loading dose and then several 
small increments, according to the response. This 
can, however, considerably increase the workload 
of the single-handed anaesthetist. An alternative 
solution is to use closed-loop feedback control 
of drug dosage, whereby the measured degree 
of neuromuscular blockade is used to auto- 
matically control the inflow of the neuromuscular 
blocker. This method ensures that the dose of 
relaxant is continuously adjusted according to 
the patient’s response. 

Unfortunately, control systems can also have 
problems; for example, they may become unstable 


when absolute time delays are introduced, or 
when changes in total system gain occur. Further- 
more, even the most simple proportional con- 
troller requires the user to make some assumptions 
about the patient’s drug handling and these 
have to be incorporated into the controller design 
as gains and time constants. Even if the correct 
values for that patient have been essumed, 
surgery may, by producing new tissue spaces and 
bleeding etc., cause changes in the initial values 
with which the controller may be unable to 
cope causing it to become unstable. The final 
problem is that blockade monitoring, using 
electromyography (EMG) is liable to interference 
from diathermy and the mains electricity supply. 
This may be merely irritating when only monitor- 
ing is involved, but in a closed-loop system 
there is a risk that the patient may be given doses 
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according to incorrect information. 

The object of the present study was to evaluate 
whethera simple proportional feedback controller 
could manage the control of neuromuscular 
blockade under clinical conditions. 


Methods 


The nature and risks of the study were ex- 
plained to the patients and they signed consent 
forms approved by the local Hospital Ethical 
Committee. Forty patients, ASA I or I, who 
presented for major elective surgery were studied. 
Patients with abnormal sensitivity to anaesthetic 
drugs or with any neurological or muscle disorder 
were excluded from the study. Patients receiving 
drugs known to affect neuromuscular trans- 
mission were also excluded. 

The electrical circuitry of the controller has 
already been described in detail elsewhere.’ In 
essence, a supramaximal electrical stimulus is 
delivered to the ulnar nerve at the elbow at 
10-second intervals and this evokes a contraction 
of the small muscles of the hand and produces 
an EMG (Fig. 1). The EMG is rectified, inte- 
grated and then presented to the controller as 
a steady DC voltage (RIEMG). The RIEMG 
is then compared with the voltage representing 
the desired RIEMG (effectively the inverse of 
the level of paralysis), and the difference which 
is termed ‘the error’ signal is used to power 
a simple peristaltic pump. The pump delivers 
the diluted neuromuscular blocker (in this case 
pancuronium 50 ug/ml) via a sterile fluid path 
to the patient. The feedback system therefore 
resets the drug dosage regularly at 10-second 
intervals, according to the RIEMG. Circuitry 
was included so that if diathermy interference 
was detected, the previous RIEMG would be 
held until the next stimulus-RIEMG cycle. 

This simple controller is of proportional design 
where the infusion rate is directly controlled 
by the error signal, and like all proportional 
controllers, will not produce the exact steady 
level of blockade demanded. This is a predictable 
result from mathematical analysis and the nature 
of this particular type of controller. 


The anaesthetic technique and method of feedback 
control 


Patients were premedicated with Mist Mag Trisil, 
30 ml orally, one hour pre-operatively. In the 
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Perceived 
blockade 


Fig. 1. A block diagram of the feedback controller and 
patient system. 


anaesthetic room a cannula was inserted in the 
right cephalic vein and connected to an infusion 
of saline running at 4 ml/kg/hour, and adjusted 
according to the fluid loss during the operation. 
The left cephalic vein was cannulated for con- 
nexion to the pump which delivers the pan- 
curonium. 

The stimulating and recording electrodes were 
sited on the left arm, after the skin had been 
prepared by the following method. The skin 
was first degreased with alcohol and then gently 
abraded with glass paper and then finally cleaned 
again with alcohol hibitane mixture. The elec- 
trodes, which were made of lead sheet 1 cm x 3 
cm, were then coated with conductive jelly and 
appliedwith adhesive tape and allowed to settle. 

Droperidol, 0.14 mg/kg was then administered, 
followed by fentanyl 3.5 g/kg. The anaesthetic 
induction was then completed with an intravenous 
injection of methohexitone 0.9 mg/kg and suxa- 
methonium 0.5 mg/kg. After tracheal intubation 
the patients’ lungs were inflated with a 66% 
nitrous oxide in oxygen mixture. When the 
position of the tracheal tube had been checked, 
the patient was taken into the operating theatre. 
In all cases, the patient could be easily ventilated, 
the fentanyl having rendered the patient apnoeic. 
The patient was connected to a Cape ventilator 
and the tidal volume adjusted to give an end 
exhaled carbon dioxide concentration of between 
3.8 and 4.2%, measured with a Datex Normocap. 
Further doses of droperidol and fentanyl were 
administered during the operation as clinically 
indicated. 

The stimulating and recording electrodes were 
then connected and the evoked electromyogram 
inspected on an oscilloscope. This is an essential 
step; if only the EMG results were checked 
after integration and rectification, then any 
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spurious signal (e.g. from the mains) which might 
be included in the integration, could be over- 
looked. 

When the RIEMG was steady (ie. 0% 
paralysis), the controller was set to the desired 
level of blockade (80% in this instance) and 
the loop closed. The patient was then given 
an intravenous injection of pancuronium 
20 ug/kg. The RIEMG and the voltage applied 
to the pump, which was directly proportional 
to the rate of inflow of pancuronium, were 
continuously recorded on a chart recorder. The 
volume consumed, as measured from the burette, 
was also recorded manually at 5-minute intervals. 
At the end of the operation, the residual neuro- 
muscular blockade was reversed with the con- 
troller off, and when the patient was breathing 
he was transferred to the recovery room 
for routine monitoring. Specific enquiries were 
made in the postoperative period, to deter- 
mine whether the patient had any problems 
related to the electrode siting or stimulation. 


Calculations and statistics 


The time taken to achieve a steady state was 
measured as the time from the loading injection 
of pancuronium to when the level of blockade, 
after exceeding the desired level, again dropped 
below the desired level (Fig. 2). The steady 
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Fig. 2. A graph showing the genera! form of response 
to requests to bring blockade to 80%. 





state was deemed to have commenced at this 
point and to have terminated when the loop 
was opened. 

The features of steady state blockade were 
quantified by calculating the mean, standard 
deviation and coefficient of variation of the 
5-minute blockade points. The steady state con- 
sumption was calculated from the 5-minute 
burette readings, which were checked against 
the voltage trace. The relationship between the 
steady state neuromuscular blockade and the 
consequent consumption was examined using 
linear regression. 


Results 


Forty patients were studied, 20 male and 20 
female and their ages ranged from 16-77 years 
with a mean of 55.3 years (SD 16.7). The patients’ 
weights ranged from 22-103 kg with a mean of 
63.7 kg (SD 12.3). All the cases involved major 
abdominal surgery including cholecystectomy, 
vagotomy, and various bowel resections. 
All the patients were biochemically and 
haematologically normal. The blood loss in 
all cases was never enough to necessitate 
blood transfusion. No patients descrited any 
discomfort attributable to the electrodes or the 
stimulation in the postoperative period. 

Figure 2 is a diagram showing the form of 
response followed by all the patients except num- 
bers 30, 33 and 35. Patient 30 never exceeded 
the desired level of blockade and went effectively 
from phase one to phase six. In this patient, 
the point at which the steady state was deemed 
to have occurred was estimated by eye. In patient 
33, there was a slow sinusoidal oscillation in 
phase six of about 20 minutes period, centering 
on the mean blockade level of 73.3%. In the 
study on patient 35, the pump winding broke 
and when the sterile fluid path had been restored 
the patient’s blockade had nearly levelled out; 
after a further 5 minutes, it had settled down 
at 74.3% and it continued at this level for a 
further 80 minutes. 

Figure 3 is a histogram showing the dose 
administered until the controller had produced 
a steady level of blockade. There is no obvious 
reason for the bimodal distribution; the mean 
is 47.1 ug/kg. In spite of this, the time to steady 
state showed a unimodal distribution ranging 
from 3-18 minutes with a modal value of 7 
minutes and a mean of 8.39 minutes. 
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Fig. 3. Frequency histogram showing the dose of pan- 
curonium before steady state occurred, including the 
20 ug/kg loading dose. One case, the one in which the 
pump winding broke, is not included in this histogram. 


Steady control was achieved for periods ranging 
from 30-230 minutes and, during this time, the 
mean blockade level was 72.92% (SD 3.13), 
with a range from 62.1-79.0%. The mean pan- 
curonium consumption in steady state was 0.47 
ug/kg minute (SD 0.23 yug/kg/minute) with 
results ranging from 0.07-1.6 ug/kg/minute. The 
coefficients of variation of blockade measured 
at 5-minute intervals, a measure of the steadi- 
ness of blockade, ranged from 0.6%—6.9% with 
two outlying results at 9.1 and 11.4%. These 
two results are deceptive, being caused by long 
period, low amplitude, damped sinusoidal oscil- 
lation about a steady mean value. 

Examination of the relationship between steady 
blockade level and steady consumption using 
linear regression, produced a correlation co- 
efficient of 0.085, which was not significantly 
different from zero. No studies were abandoned 
due to self-sustaining oscillation, and in all 
patients residual neuromuscular blockade re- 
versed easily with neostigmine. 
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Discussion 

When neuromuscular blockade control is ini- 
tiated, a response similar to that shown in Fig. 
2 is seen. Phase one is variable in length and 
depends on the extent to which it is necessary 
to saturate the margin of safety for neuromuscular 
transmission above the level produced by the 
loading dose of 20 ug/kg. If the feedback con- 
troller sees that no blockade has resulted from 
the loading dose, then the rate of pancuronium 
inflow will rise rapidly to a maximum, where 
it will stay until blockade begins to occur in 
phase two. The rate of pancuronium inflow 
then decreases and reaches zero when the level 
of blockade crosses the desired level. Phase 
three is a result of the interval between the 
injection of the neuromuscular blocker and 
the perceived response. The rate of injection 
runs ahead of the requirements in phase two 
and causes an overshoot in phase three. In phase 
four, the excess pancuronium is metabolised 
and, as soon as the level of blockade returns 
to the desired level, the inflow of pancuronium 
recommences in phase five, and eventually reaches 
a steady level in phase six. In this phase, the 
steady level of blockade indicates an equilibrium 
situation, whereby the amount of pancuronium 
injected balances that removed by metabolic 
and distributive processes. 

The low coefficients of variation of blockade 
suggest that it is possible to maintain blockade 
at a steady level with a fairly high degree of 
precision. In practical terms, this is more than 
is surgically necessary. Unfortunately, one cannot 
predict, with such a simple proportional con- 
troller, exactly what the level will be. This problem 
could be easily rectified by the addition of an 
integral circuit, but at the risk of assuming 
more information about the patient. 

The major practical problems of using this 
technique in the operating theatre relate to the 
theatre environment, and the need to ensure 
that operating lists run efficiently. In the cases 
described, there were no problems with diathermy 
or mains interference. However, some delay was 
experienced because of the time it took to set 
up the equipment and the need to make control 
readings in the unparalysed state. This require- 
ment could be removed in future modifications 
of the equipment, by the use of the ‘train-of- 
four technique’ to detect neuromuscular 
blockade. 
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We were particularly interested at the outset 
in looking at the practicalities of feedback contro! 
of neuromuscular blockade in the operating 
theatre and, since these studies, new intermediate 
duration non-depolarising relaxants such as atra- 
curium and vecuronium have become available. 
If this type of technique was to be used more 
generally, these agents would be more suitable. 


Conclusions 


Feedback control of neuromuscular blockade 
is clinically feasible and can maintain a level 
of blockade automatically with precision far 
beyond that which is clinically required. Drugs 
such as atracurium or vecuronium would prob- 
ably be a better choice than pancuronium in 
this situation. Setting up time is a minor prob- 


lem, but this could be minimised by using train- 
of-four monitoring (each train acting as its own 
control) and commercial EMG monitors, such 
as the Datex Relaxograph. 
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Accuracy of the Datex Normac anaesthetic vapour analyser 


In their recent evaluation of the-Datex Normac 
anaesthetic vapour analyser (Anaesthesia 1985; 40: 
555-9) Luff and White state that the frequency response 
of the instrument precludes the accurate measurement 
of end-tidal vapour concentrations at respiratory rates 
in excess of 15 breaths/minute. 

We have recently reassessed the accuracy of this 
instrument over a range of respiratory frequencies, in a 
bench test. A solenoid (Siemens test-gas valve) was 
interposed between the anaesthetic system connector of 
the Datex analyser, and the Y-connector at the distal 
(patient) end of the patient system of a SV900C 
ventilator (Siemens). This device permits the delivery of 
an alternating flow of two gas mixtures to the analyser, 
by delivering different gas mixtures to the ventilator and 
the test valve at a range of respiratory frequencies which 
vary from 2-120 minute. The test was performed with 
the following pairs of gas mixtures, using previously 
calibrated mixtures of halothane or isoflurane in 
oxygen: | percent halothane and 0 percent halothane; 
2 percent halothane and 1 percent halothane; and 
2 percent halothane and 1.5 percent halothane, and the 
entire sequence was then repeated with isoflurane. The 
electrical output of the Normac was input to a micro- 
computer, which recorded the peak and trough values 
(equivalent to inspired and end-tidal values respect- 
ively). 

The results for all mixtures were similar and are 
depicted in Fig. 1, which confirms the accuracy of the 
Normac at frequencies of up to 15 breaths/minute. At 
frequencies above this, the instrument tends to under- 
estimate the inspired concentrations and overestimate 
end-tidal values, and the magnitude of the error is 5 
percent at frequencies of 28 breaths/minute and 10 
percent at frequencies of 38 breaths/minute. Thus, if the 
instrument displays an end-tidal halothane value of 
1.0 percent at f 28, the true value is 0.95 percent and the 
true value for a displayed value of 1.0 percent at f 38 is 
0.9 percent. 

However, since these inaccuracies have proved to be 
quantitatively predictable it has been possible to 
incorporate the correction factors required to 
compensate for them into a simple computer program. 
The output of the Datex vapour analyser in use in this 
department is, therefore, displayed on a microcomputer 
screen (BBC), in accurate digital values (with end-tidal 
levels in the form of percentage and MAC values) for 
a range of respiratory frequencies up to 40 breaths/ 
minute. The program assumes an I: E ratio of |: 1 which 
is commonly encountered in children with respiratory 
frequencies of 17-33 breaths/minute during anaes- 
thesia,! and, in the unlikely event of an I:E ratio of 1:2 
developing at these frequencies, a further correction 
factor is applied. 

The findings of this test, therefore, agree with those 
of Luff and White, but it is nonetheless evident that the 
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Fig. 1. 


Datex Normac vapour analyser can be used with the 
accuracy required for clinical purposes at respiratory 
frequencies of up to 40 breaths/minute, if two simple 
correction factors are applied to the display values, and 
with the accuracy required for research purpcses if the 
computerised system described above is employed. 
Most of the vaporizers in current use are iraccurate 
and unpredictable in their delivery, particularly when 
changes in the carrier gas composition occur during 
anaesthesia.?~* Clinical precision and economy in the 
use of expensive volatile agents therefore demands that 


their dosage is regulated by accurate end-tidal neasure- - 


ments; it is reassuring to know that this analyser need 
not be discarded. 


Department of Anaesthetics, A. SYNNOTT 
Our Lady’s Hospital for Sick Children, W.5. WREN 
Crumiin, 

Dublin 12 
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Recurrent faitare of a monitored dial mixer 


We would like to bring to your readers’ attention our 
experience with a proportional gas mixer (monitored 
dia] mixer) manufactured by Frazer Harlake in the 
United States and Cyprane in England. These mixers 
have been incorporated into a number of anaesthesia 
machines. 

In early 1979, the Health Protection Branch received 
a problem report from a Canadian hospital, describing 
the failure of a monitored dial mixer (MDM) manu- 
factured by Frazer Harlake. The brass drive stem nut in 
the flow control knob assembly had stripped, causing a 
complete cessation of the flow of anaesthetic gases to a 
patient during an operation. 

The manufacturer agreed, after discussions with the 
Bureau of Medical Devices, to resolve the problem, and 
the following design changes in the flow control knob 
assembly were made. The brass nut was replaced with 
an aluminium bronze nut, a retaining ring with washer 
was included to limit the motion of the control knob 
from approximately 11 turns to six and a half turns and 
a change in the type of lubricant was made. 

These modifications were made to all new units 
distributed in Canada by Ohmeda (formerly Medi- 
shield) after January 1981. A letter was sent at that time 
by Ohmeda, urging all customers to have their units 
modified. Over 700 units have since been corrected. A 
similar failure of the brass drive stem nut on an MDM 
unit has been reported by Klein and Ali.' 

In late 1983, the Branch received a report that an 
identical failure of the MDM gas mixer had occurred 
during an operation. Further investigation revealed 
that four out of five units at the hospital showed signs 
of similar mechanical failure. These MDM units were 
manufactured by Cyprane, England, who were still 
supplying unmodified flow control assemblies contain- 
ing the brass nut. The affected Cyprane units were 
imported from Medical and Industrial Equipment, 
England (MIE) and distributed by MIE Canada. The 
distributor was unaware of the regulatory action 
underway with this product, presumably because of the 
indirect supply path. However, they took prompt action 
when advised of the hazards. The entire mixer was 
replaced in all anaesthesia machines sold in Canada 
by MIE. Cyprane now supplies all new flow control 
assemblies with the above modifications. 

Since Cyprane failed to provide details on the time 
frame and extent of their modifications, we are 
uncertain as to the remedial steps taken in other 
countries. What we do know is that Cyprane’s 


modifications lagged those undertaken by Frazer 
Harlake and that their customer base was not informed. 
We therefore recommend that your readers confirm 
with their suppliers whether existing mixers are within 
current specifications. 


Bureau of Medical Devices, 
Environmental Health Centre, 
Tunney's Pasture, 

Ottawa, Ontario Canada KIA 0L2 


P. DODGE 
A. SINCLAIR 
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A reply 


Thank you for the opportunity of commenting on this 
letter. 

We became aware of this problem as a result of a 
report! and the service organisation was instructed on 
its diagnosis and rectification. We subsequently 
modified the design of our MDM mixers in late 1983 
and incorporated a number of improvements to the 
flow control system, including the introduction of an 
aluminium bronze nut. Service kits to enable the 
upgrading of the flow control system were shipped to 
our Service Centres, with instructions to upgrade 
products at the next machine service. Additionally, all 
new production from January 1984 incorporated the 
improved flow control mechanism. 

We are therefore confident that all regularly serviced 
machines will incorporate the improved version. 
However, if any readers have any doubts about their 
own equipment, please let us know and we will confirm 
the position with the appropriate service centre. 

Sales Manager, A.S. MURPHY 
Ohmeda, 

Steeton, 

West Yorkshire BD20 6RB 
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Emergency anaesthesia in a patient with plasma cholinesterase deficiency 


A 36-year-old, 79 kg, gravida 2 patient with a history 
of a ‘previous elective Caesarean section for breech 


presentation had a trial of labour. Four hours into 
labour an epidural was inserted for analgesia; a history 
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taken at the time revealed that she had had one previous 
uncomplicated dental anaesthetic and that she was 
otherwise well. Approximately one hour later, the 
patient had a brisk vaginal haemorrhage and there 
were signs of severe fetal distress. Possible placental 
abruption was suspected and general anaesthesia for 
emergency Caesarean section was requested by the 
obstetrician; there was insufficient time to extend the 
epidural blockade. On repeat questioning, the patient 
revealed that a screening programme had shown her to 
be plasma cholinesterase deficient. The suitability of the 
emergency obstetric general anaesthetic technique was 
then called into question. 

After necessarily brief consideration, the following 
management was decided upon. The patient was 
immediately given 30 ml magnesium trisilicate orally 
and transferred, in the left lateral position, to the theatre 
where she was placed on the operating table with a 20° 
left lateral tilt. Pre-oxygenation was commenced. Her 
clinical condition was stable and the intravenous 
infusion was running well. After 3 minutes, anaes- 
thesia was commenced by giving a bolus dose of 
atracurium 55 mg (0.7 mg/kg), followed after 20 
seconds by thiopentone 250 mg. Cricoid pressure was 
applied and, after a further 30 seconds, tracheal 
intubation was achieved with a size 8.00-mm cuffed 
Portex tracheal tube. A good view of the larynx was 
obtained which showed full relaxation of the vocal 
cords; intubation conditions were judged to be ex- 
cellent. Anaesthesia was maintained using 50 percent 
nitrous oxide in oxygen with 0.5 percent halothane until 
delivery, after which pethidine 50 mg was given and the 
gas flows altered to 60 percent nitrous oxide in oxygen. 

The child was delivered in a satisfactory condition; 1 
and 5 minute Apgar scores were 7 and 10. The operation 
lasted 50 minutes and no further atracurium was given. 
The patient reversed uneventfully with neostigmine 
2.5 mg and atropine 1.2 mg and the postoperative 
period was normal. The patient had no adverse 
comments to make either immediately or on the post- 
operative visit. 

The possibility of this situation arising is of the order 
of 1:20 000 if one accepts a figure of 1:2000 for the 
occurrence of plasma cholinesterase deficiency and 
1:10 for a Caesarean section.’ This problem would 
normally be managed by the use of regional techniques; 
however, in this emergency, speed was important and 


general anaesthesia deemed mandatory. What is the 
correct management in this situation? We consider 
suxamethonium to be contraindicated in this case since 
4-24 hours of paralysis may result following its use and, 
in the event of failure to intubate, the usual drill would 
be impossible; a tracheostomy might be required to 
protect the airway. 

Another technique is to induce and maintain anaes- 
thesia using inhalational agents throughout and to con- 
duct anaesthesia, and the operation, with the patient in 
a left lateral position. This would further compromise 
the fetus and leave the patient’s airway unprotected. 
The use of a non-depolarising relaxant to facilitate 
intubation should be part of the anaesthetic technique 
in this situation. Atracurium is probably the most 
suitable agent available since it rapidly produces good 
conditions with a reliable duration of paralysis? 

A recent development in the use of non-depolarising 
relaxants for the rapid sequence induction of anaes- 
thesia may have been useful in this case: this has been 
termed the ‘priming principle’. Advocates suggest that 
prior administration of 15~20 percent of the total cal- 
culated dose of non-depolarising muscle relaxant 
followed by the remainder with induction after a 3-6 
minute interval may achieve a more rapid onset of 
paralysis with good intubation conditions.>* 

We would welcome discussion and comments on the 
management of this case. 


Department of Anaesthesia, P.J, MORRISON 
St. Mary's Hospital, P.N. ROBINSON 
Praed Street, K.G.A. MACLEOD 
London W2 
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Eclampsia and haemorrhage in a Jehovah’s Witness 


Reports of death from haemorrhage occurring in 
Jehovah's Witnesses refusing blood products has drawn 
attention to the difficulties in treating these patients.':? 
We have recently managed a case of disseminated 
intravascular coagulation (DIC) and serious haemor- 


rhage in a Jehovah’s Witness following eclampsia. 

A 20-year-old primigravida was admitted in 
spontaneous labour at 37 weeks’ gestation. On admis- 
sion, her arterial blood pressure was 140/90 mmHg and 
urinalysis with haemoacombistix revealed significant 
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Table 1. Profile of postoperative haematological tests 





Time after Prothrombin time/ 
operation Hb Platelets control 
(hours) (g/dl) (109/1) (seconds) 
2 12.5 93 17/12 
4 7.6 30 20.5/13 
12 6.1 34 18/13 
2 49 43 12/12 
192 6.0 397 — 





Kaolin cephalin Fibrinogen 
coagulation time/ degradation 
control Fibrinogen products 
(seconds) (g/l) (ug/ml) 
36/36 2.3 256 
46.5/38 1.2 high 
46/38 1.0 64 
33/37 4.8 48 





protein. She had no evidence of oedema. Epidural 
analgesia was suggested but declined, so intramuscular 
diamorphine and prochlorperazine were administered. 

Two hours later the patient appeared stable, with 
blood pressure maintained at 140/90 mmHg. However, 
a sustained fetal bradycardia of 50-80 beats/minute was 
noted on the cardiotocograph, and it was decided to 
perform an emergency Caesarean section. The patient 
had a convulsion with a short period of apnoea whilst 
in transit. She had recovered consciousness on arrival 
in the operating room and was immediately anaes- 
thetised using a standard general technique. The baby 
had an Apgar of 0 at one minute but was successfully 
resuscitated. The remainder of the operation was 
uneventful. 

Postoperatively, serious haemorrhage occurred from 
the wound and vagina. The coagulation screen demon- 
strated DIC, with elevated kaolin cephalin coagulation 
time, prothrombin time, and fibrin degradation 
products, and with low platelets and fibrinogen 
(Table 1). The patient and her husband were ap- 
proached regarding the use of blood products and they 
were both adamant that none should be used in any 
circumstances. Resuscitation was therefore continued 
on the intensive care unit with polygeline (Haemaccel) 
and crystalloid infusions to maintain urine output and 
central venous pressure, and 60 percent O, was given via 
a Ventimask. In addition, she received 2 g of methyl- 
prednisolone and small doses of papaveretum. 


By 29 hours postoperatively the patient’s haemo- 
globin had fallen to 4.9 g/dl. However, the severe 
haemorrhage had subsided and there had been a spon- 
taneous resolution of the coagulopathy. During the first 
24 postoperative hours she had received 4000 ml 
polygeline and 4000 ml of crystalloid fluid. 

Ten days later both mother and baby were discharged 
home completely well. Five weeks postoperatively the 
mother’s haemoglobin had recovered to 12.2 g/dl. She 
was already contemplating a second pregnancy. 

This case describes the successful management of 
serious haemorrhage and coagulopathy in a Jehovah's 
Witness, without the use of blood products. We 
appreciate that the patient may well have died as a result 
of withholding this treatment, but we believe that the 
request of a rational adult patient to avoid specific 
therapy on religious grounds must be respected. 


Department of Anaesthetics, M.F. RED 
Royal Hallamshire Hospital, K. Nour 
Sheffield S10 2RX R.J.S. BIRKS 
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Depression and anxiety in pain clinics 


We were interested to read the paper by Dr G.W. Hanks 
et al. (Anaesthesia 1985; 40; 676-9), since it confirms our 
earlier findings? that doctors who are untrained in the 
psychiatric aspects of chronic pain patients fail to 
recognise psychiatric morbidity. This should, of course, 
not be too surprising, since there have been many 
papers published in recent years? ~ * which indicate that 
this also happens in other specialties. Our own studies* 
indicate that the incidence of psychopathology, 
-particularly depressive illness (dysthymic disorder), in 
chronic pain patients is at least as high as that in 
neurological patients and, in a population currently 


under study, exceeds 50 percent. 

Their use of a screening test is particularly note- 
worthy since our feeling has also been that a simple self- 
report test is required to identify these patients. Other- 
wise, it is very unlikely they will be recognised. It is 
therefore disappointing that they have selected the 
Hamilton scale. This was originally designed to score a 
standardised interview by a trained psychiatrist, relies 
heavily on the presence of somatic symptoms and fails 
to identify those patients with non-depreasive psychi- 
atric illness (approximately one-third of the mentally ill 
group). It may be appropriate for a psychiatric sample 
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of patients, but this is certainly not the case with either 
neurological or pain clinic patients. The Montgomery- 
Asberg® Rating Scale relies far less on somatic 
symptoms and for this reason we have used it in chronic 
pain population studies in England. Unfortunately, the 
Montgomery-Asberg Depression Rating Scale requires 
a trained interviewer; we now, therefore, employ the 
General Health Questionnaire (GHQ), We feel that this 
is more appropriate -as a self-report questionnaire 
seeking affective disorders than the Hamilton, even 
when the Hamilton is ‘modified’ for self-report and 
presented by computer. The GHQ was designed as a 
self-report questionnaire and requires only a pencil for 
its completion and scoring. It has been well validated in 
a variety of patient populations. We are currently 
validating it with a pain clinic population and will 
report on this in the near future. 


Pain Clinic, 

Department of Psychiatry, 
University of Calgary, 
Foothills Hospital, 
Calgary, 

Alberta T2N 2T9, 
Canada. 


1.M.C. CLARKE 
DAPHNE BARNES 
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A reply 


Weare grateful to Dr Clarke and Dr Barnes for drawing 
our attention to their earlier findings, although the 
meeting abstract to which they refer contains no data. 
It is difficult therefore to comment on their conclusions 
and we look forward to the publication of their results 
in due course. 

We agree that the Hamilton Depression Scale is not 
ideal for screening patients with physical complaints. 
However, we do not feel that the General Health 


Questionnaire (GHQ) is particularly suitable either. 
The GHQ is long and rather unwieldy; it does not 
identify the nature of the psychiatric disorder, but 
merely indicates abnormality. Since our original study 
we have been using the Hospital Anxiety and Depres- 
sion Scale’, which was specifically designed for use in 
hospital medical outpatient clinics, and we have also 
further modified the Hamilton for use in patients with 
cancer. We have recently presented this work? and it is 
now being prepared for publication. We are confident 
that these are valid screening instruments for use in 
chronic pain patients. 

A pencil is, of course, cheaper and simpler to use than 
a computer. In a similar analogy, a hot air balloon is 
cheaper and simpler to use than a jumbo jet. Computer- 
administered rating scales have a number of advantages 
over paper-and-pencil questionnaires.’ ~? Briefly these 
may be summarised as: reliability, reproducibility and 
standardisation of the interview, automatic data 
storage and retrieval (which obviates the need for the 
collation, extraction, coding and entering of data 
separately, with the attendant possibility of errors), less 
likelihood of incomplete responses (whereas with paper 
and pencil questionnaires, particularly if they are long, 
patients quite often fail to answer all the questions) and 
the ability to program the computer to interact with the 
patient and thus generate a more personal atmosphere. 

We believe that this is a useful technique’ which 
should be more widely employed. 


Royal Marsden Hospital, G.W. HANKS 
London SW3 6JJ : 
Oxford Regional Pain Relief Unit, J.W. LLOYD 


Abingdon Hospital, 
Abingdon OX14 14G 
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The ‘wake-up test’ 


It was interesting to read the article by Chamberlain and 
Bradshaw, who described their infusion technique for 
achieving ‘wake-up’ during surgery for Harrington rod 
fixation of a traumatic lumbar fracture in a young adult 
(Anaesthesia 1985; 40: 780-2). It is true that anaesthetic 
techniques for such cases are not easily found in the 
literature. All the descriptions of techniques for wake- 
“up have been related to scoliosis surgery which is most 
commonly, though not exclusively, performed on 
children and adolescents, and is generally more 
extensive. 

These details may account for some of the short- 
comings of the techniques previously described when 
applied to adult ‘victims of trauma. Heavy premedica- 
tion in these young patients is employed for the patients’ 
benefit and is a useful, but not an essential, part of the 

_ anaesthetic technique. Any of the anaesthetic sequences 
described can be used without premedication. Such 
premedication does, I think, facilitate induction of a 
degree of hypotension when it is generally regarded as 
advantageous to scoliosis surgery. 

It is prudent for the anaesthetist to anticipate wake- 
up by about 30 minutes in neuroleptic techniques, to 
ensure that narcotic depression is reduced and neuro- 
muscular blockade is incomplete, particularly if a 
peripheral nerve stimulator is not in use. In the case 
reported, reductions in the infusion rates were made 20 
minutes before wake-up. In my experience, no problems 
have been observed with neuromuscular blockade using 
curare, however short the notice of wake-up, though 
narcotic depression has occasionally had to be partly 
antagonised. It is true that some patients have been 
more active on awakening than is desirable. Post- 
operative respiratory depression has never been a 
significant problem. The only case in which inter- 
mittent positive pressure ventilation of the lungs was 
required, was one of scoliosis secondary to a neuro- 
muscular disorder and ventilation was commenced 24 
hours postoperatively for progressive ventilatory 
insufficiency. 

The description of a narcotic and relaxant infusion 
technique for Harrington instrumentation will be useful 
to those anaesthetists who are in the habit of using 
infusions for anaesthesia and have suitable hardware to 
hand. I would suggest, however, that anaesthetists who 
are occasionally called upon to anaesthetise patients, 
who require to be awoken, use a technique as closely 
related to their everyday practice as they can. 


John Radcliffe Hospital, 
Oxford OX39 DU 


N. McC. SCHOFIELD 
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We were interested to read the case report by Dr 
Chamberlain and Dr Bradshaw concerning the ‘wake- 
up test’ and satisfactory use of drug infusions in a 
patient receiving spinal fusion (Anaesthesia 1985, 40: 
780-2). 

We have employed the test in 40 patients undergoing 
anterior procedures for scoliosis,(30) and kyphosis (10), 
aged 18 months to 45 years. The pre-operative visit was 
most important. It provided an opportunity to explain 
the ‘wake-up test’ to the patient and conduct a mock test 
at the bedside. This often yielded valuable information 
about the capacity of retarded patients to respond 
accurately and the presence of pre-existing neurological 
impairment (paresis) could be noted. Anaesthesia con- 
sisted usually of opiate medication, induction with 
Althesin (thiopentone is now used) maintenance with 
nitrous oxide/oxygen halothane 0.5 percent and 
fentanyl 3 yg/kg bolus following induction. Al- 
curonium 0.3 mg/kg was given to facilitate intubation 
and provide neuromuscular blockade for the early part 
of the operation; further doses were not administered. 

Halothane was discontinued 20 minutes before the 
planned test. Manual ventilation with 100 percent 
oxygen was instituted and continued throughout the 
test period with 5 percent carbon dioxide given if neces- 
sary to achieve normocapnia. Cooperative patients 
were first asked to move both hands and, when this 
was observed, to move their feet. After completion of 
the test, anaesthesia was re-instituted with a further 
bolus of induction agent and IPPV continued with 
halothane 0.5 percent. In all cases, a satisfactory ‘wake- 
up test’ could be performed within 5 minutes. Five 
patients were unable to respond to verbal command 
because of youth (1) or mental retardation (4). In these 
cases, after confirming satisfactory neuromuscular 
function with a peripheral nerve stimulator, leg move- 
ments were produced by stimulation of their forearms. 

Impaired spinal cord function was suspected if 
movements were severely reduced in one or both legs 
but normal in both hands, compared with the pre- 
operative state. Three patients proved to have impaired 
spinal cord function on these grounds; two returned to 
normal with release of spinal distraction, the third 
required 3 weeks for recovery. Only one patient 
claimed recall. Unlike a number of cases, this patient 
had only required a single test which lasted just 
2 minutes, She had felt neither discomfort nor anxiety, 
however, and said she would be prepared to undergo 
such a procedure again if necessary. 

Cortical sensory evoked responses are now moni- 
tored routinely in parallel with the wake-up test. These 
provide a continuous record of spinal cord activity, but 
they do not allow assessment of motor function, and the 
technique is difficult to apply in patients with pre- 
existing neurological impairment. 

Using the described method of anaesthesia in 
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40 cases, we have found the wake-up test very straight- 
forward to apply during anterior spinal surgery and 
associated with a high degree of amnesia. 


Department of Anaesthesia, P.A. TOMLINSON 


University Hospital, P.M. YEOMAN 

Nottingham NG7 2UK. A.D. JARDINE 
J.K. WEBB 

A reply 

Thank you for the opportunity to reply to 


Dr Schofield’s illuminating comments to our article. 


His 30-minute anticipation interval for wake-up 
requires considerable teamwork and experience. Surely 
anaesthetic equipment for sophisticated orthopaedic 
procedures needs upgrading. A peripheral nerve 
stimulator and an infusion pump are all that is required 
for the technique we described. The latter may be 
borrowed from most intensive care units. 

It is to be hoped that the development of somato- 
sensory evoked potential monitoring will eliminate the 
need for this disagreeable procedure. 

Ealing Hospital, ELIZABETH G. BRADSHAW 
Southall, UBI 3HW 


Biochemical changes associated with suxamethoninm 


Having read with interest the paper of Dr Laurence on 
the biochemical changes associated with the ad- 
ministration of suxamethonium (Anaesthesia 1985; 40: 
854-9), we would like to comment briefly on the 
findings in relation to potassium. No significant 
changes in the plasma potassium were found, and it was 
suggested that this might be accounted for by the 
absence of blood samples in the first 5 minutes after 
suxamethonium was given. 

We have recently reviewed the literature on the 
potassium changes resulting from suxamethonium and 
have found that the evidence for the time course of these 
changes is indeed confusing. The many case reports of 
patients with abnormal sensitivity to suxamethonium as 
a result of burns, major trauma or spinal cord injury’? 
suggest that the peak increase in potassium, which may 
be very large, is found within the first 5 minutes after 
the muscle relaxant is given, with a gradual return to 
base-line levels occurring in the following 30-60 
minutes. 

However, studies in patients with normal responses 
to suxamethonium> seem to indicate that although a 
much smaller rise in plasma potassium occurs, it is a 
more gradual and prolonged increase, with maximum 
potassium levels found between 10 and 60 minutes after 
administration of the muscle relaxant. If this is the case, 
then Dr Laurence may have missed the peak increase in 
potassium as blood samples were taken for only 20 
minutes after suxamethonium. A recent study in dogs,* 
which examined the effect of beta-adrenoreceptor 
blockade on the potassium changes with suxameth- 
onium, reiterates this point: the maximum change in non 
beta-blocked dogs was found 30-60 minutes after 
suxamethonium, compared with 60-90 minutes in the 
beta-blocked group. 

We have undertaken a study in normal patients using 
an ion-selective electrode to record the potassium level 
continuously for 60 minutes after suxamethonium is 
given. We hope that the results from this study may help 
to clarify the time course of these events. a 


H.F. DRAKE 
W.A. YANNY 


The Middlesex Hospital, 
Mortimer Street, 
London, WIN 8AA 
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A reply 


Thank you for the opportunity to reply to Dr Drake and 
Dr Yanny. The literature on the subject of potassium 
changes and other side effects after suxamethonium 
administration does seem to contain much confusing 
information. The majority of reports, however, seem to 
look for, and to find, a small elevation of serum 
potassium within 5 minutes of administration. It was a 
little surprising, therefore, that neither of our published 
studies found any potassium changes in either control 
groups or alcuronium or dantrolene treatment groups, 
although Budd et a/.,! in an earlier issue of the journal, 
found a similar lack of potassium response. Our main 
purpose was to report myoglobin changes, so we could 
not delay surgery for more than the 20 minutes of our 
study in order to look for late potassium changes. The 
few patients in whom we were able to sample beyond 20 
minutes showed no potassium changes. 

It is interesting to speculate on the possibility of two 
different mechanisms for potassium release. A 
subsequent study of serum myoglobin changes up to 
2.5 hours after suxamethonium administration (during 
orthopaedic procedures with tourniquet control),? 
shows that serum myoglobin peaks 40 minutes after 
suxamethonium administration and then decays 


exponentially, Perhaps the slow potassium release (peak 
at 30-60 minutes) and myoglobin release (peak at 40 
minutes) result from the same site of cellular damage 
due to suxamethonium administration. Myoglobin is 
water soluble and not bound to any subcellular 
structure; thus, it readily leaks out of a damaged cell. 
Muscle-cutting surgery (work in progress) results in 
myoglobin peaks at 2-3 days postoperatively, which 
Suggests a totally different mechanism of release 
following this type of damage. 

We look forward to future work, which will help to 
clarify the suxamethonium-induced serum potassium 
changes. 
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Formalin toxicity in hydatid liver disease 


We read with interest the excellent paper written by Dr 
Aggarwal and Dr Garg (Anaesthesia 1983; 38: 662). 

We have experienced similar episodes. However, the 
outcome in our four cases was not fatal, although the 
patients had severe manifestations of formalin toxicity. 
The favourable outcome was probably due to the fact 
that concentration of formalin was far less than 
100 percent and 25 percent, which were used in the two 
patients presented by Dr Aggarwal and Dr Garg. In 
addition, we consider the amount of solution (> 900 ml) 
tó be excessive. 

When formalin is used, the following preventive 
measures should be taken. The concentration of 
formalin should not exceed 2 percent and the volume 
should not exceed 200-300 ml. If the cyst fluid contains 
blood or bile, formalin should not be used, because 
communications between the cyst and blood vessels or 
bile ducts exist.! A wet pack with normal saline should 
be- used to protect abdominal viscera from formalin 
contact before the formalin packs are put around the 
cyst. 

` Many authors believe that formalin, in concentra- 
tions effective against scolices, is toxic to the host as well 
‘and, therefore, condemn it as a treatment for 
hydatid cysts.™? Thus, for the last few years, we have 
used 0.5 percent silver nitrate solution, which is not 
toxic to the host and leads to the death of scolices.* An 
additional useful feature of silver nitrate is its low 
viscosity, so that the solution may be poured into the 
pericystic cavity to enter all crevices and interstices in 
the cyst walls. However, we consider that proper protec- 
tion of the surgical field and safe aspiration of the cyst 
fluid by means of a large bore trocar, connected to 
strong suction are simple, logical and safe steps for the 
removal of the parasite. 

The ancient aphorism of Hippocrates ‘To benefit and 
not to harm’ must be one of the inviolable principles in 


every day surgical practice. 


and Surgical Unit, 
Athens University, 


J. PAPADIMITRIOU 
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Department of Anaesthesia L. PAPADIMITRIOU 
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A reply 


Thank you very much for the opportunity to reply to 
J. Papadimitriou and L. Papadimitriou, with whom we 
fully agree that the concentration, volume and duration 
of contact of formalin used in patients with hydatid liver 
disease is of the utmost importance. The concentration 
and volume of formalin used was excessive in our first 
case. The purpose of our report of these two cases was 
to distinguish the signs of anaphylaxis from the severe 
acidosis caused by formic acid in formalin toxicity. The 
precautionary measures and treatment of formalin 
toxicity was discussed in our article. Nowadays, many 
surgeons have started to use either a solution of 
3 percent silver nitrate or hypertonic saline 5 percent or 
cetrimide. 


Department of Anaesthesia, A.R. AGGARWAL 
Sir Ganga Ram Hospital, R.L. Gara 
Rajinder Nagar, 
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High frequency jet ventilation through a Robertshaw double lumen tube 


There have been reports of the use of high frequency jet 
ventilation during pulmonary surgery delivered via 
tracheal tubes ‘to both lungs throughout surgery, or 
delivered via a bronchial tube in one lung only. There 
is some evidence that high frequency ventilation may 
reduce the amount of intrapulmonary shunting! 
compared with conventional intermittent positive 
pressure ventilation of one lung. 

This is a report of the use of high frequency jet 
ventilation, delivered via a standard Robertshaw 
double lumen tube during pulmonary surgery (lob- 
ectomy, pneumonectomy, sleeve resection). A fine 
catheter was passed down each lumen of the double 
lumen tube, to a point level with the tracheal cuff. The 
two catheters were connected together with a Y- 
connector, which was then connected to the Acutronic 
high frequency jet ventilator. High frequency jet 
ventilation at rates of 100-150 breaths/minute was 
delivered via this system. The catheter size was selected 
to give an ‘inspiratory jet port’ to ‘expiratory exhaust 
port’ ratio of 1:6. Both lungs could be ventilated with 
a switch to one lung when required, by clamping one 
catheter. 

Following preliminary work using dummy lungs, a 
smali series of patients were ventilated by this method 
during pulmonary surgery. Informed consent was 
obtained from all patients. 

Ten patients received high frequency jet ventilation at 
rates of 100-150 breaths/minute. All were ventilated to 
normocapnia (range Paco, 4.5-5.3 kPa) without added 
positive end expiratory pressure. High frequency jet 
ventilation was delivered via the catheters to both lungs 
initially, switching to one lung when required by the 
demands of surgery. Normocapnia and adequate 
arterial oxygenation were maintained throughout the 
period of one lung ventilation. Re-expansion of the 
unventilated lung was achieved by unclamping 
the catheter to that side, switching the jet ventilator 
to manual mode and delivering 5-10 breaths of 1-2 
seconds duration. 

The shunt fraction was estimated 20 minutes after the 
start of one lung ventilation, by standard methods.? 


(Central venous blood was used as an approximation to 
mixed venous.) The mean estimate for shunt fraction 
was 24.2 percent (range 15-35 percent). 

For comparison, the shunt fraction was measured in 
ten similar patients undergoing pulmonary surgery, 
receiving conventional intermittent positive pressure 
ventilation during one lung ventilation. A volume preset 
Blease pulmoflator was used without added positive 
end expiratory pressure. Normocapnia was maintained 
throughout (range Paco, 4.4-5.3 kPa). The mean 
estimate for shunt fraction after 20 minutes of one lung 
ventilation was 25.1 percent (range 20-32 percent). 

In this small series of patients, no improvement in 
shunt fraction was seen during one lung ventilation with 
high frequency jet ventilation, compared with that 
during conventional ventilation. However, the surgical 
conditions were noted to be excellent, with very little 
mediastinal movement. The advantages of a double 
lumen tube in isolating suppuration and haemorrhage 
were maintained when delivering high frequency jet 
ventilation by this method. The method probably war- 
rants further investigation with measurement of mean 
and peak airway pressures as well as shunt fraction. 
There may prove to be advantages in central hae- 
modynamics? if low mean airway pressures can be 
maintained. 

Department of Anaesthesia, C.J. MASON 
Hope Hospital, 
Salford, M6 8HD. 
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Hallucinations after oral lorazepam in children 


My family and I recently returned to Riyadh from 
North America. My two children were jet-lagged and 
unable to sleep. Lorazepam (Ativan) was given to them 
by the writer as a sedative, with unfortunate results. The 
severity of their resulting visual hallucinations was most 
alarming, and emphasised the possibility of this side 
effect when using lorazepam in children. 

The two children, aged 6 and 8 years, were given 
lorazepam in doses of 0.083 mg/kg and 0.1 mg/kg 
respectively, somewhat in excess of the oral dose of 


0.05 mg/kg recommended by Mundeleer.! A variety of 
visual hallucinations accompanied by emotional lability 
commenced in both children about three quarters of an 
hour after ingestion of the tablets and lasted for 4-5 
hours, not, unfortunately, followed by amnesia for the 
event. 

The use of lorazepam as premedication in children 
has been the subject of recent studies.1~> Peters et al.,? 
used lorazepam in the recommended oral dose and 
reported three instances (2.6 percent) of hallucinations 


in their series of 112 children. This high incidence of an 
undesirable side effect, in conjunction with the severe 
reaction seen in my children, suggests caution in the use 
of lorazepam as a sedative or premedicant in children. 
Department of Anaesthetics, A.A. VAN DEN BERG 
Riyadh Armed Forces Hospital, 

P.O. Box 7897, 

Riyadh 11159, 

Saudi Arabia. 
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Puncture of the ascending sorta—a complication of subclavian venous cannulation 


The report by Dr Hirsch and Dr Robinson? prompts us 
to record a similar complication of subclavian venous 
cannulation in a patient with acute renal failure. 

A 32-year-old man suffered multiple rib fractures 
after a road accident, together with a central fracture— 
dislocation of his hip and a ruptured spleen; the latter 
was removed at exploratory laparotomy. He developed 
respiratory failure and septic shock postoperatively and 
underwent mechanical ventilation of his lungs. A left- 
sided pneumothorax necessitated the insertion of a left 
intercostal underwater-seal drain. Twenty-eight days 
after the incident, he developed acute renal failure and 
was transferred to the intensive therapy unit of this 
hospital for haemodialysis. 

On admission he was conscious; he had been breath- 
ing spontaneously via a tracheostomy for 12 hours, but 
was jaundiced with hepatomegaly, ascites and gross 
abdominal distension. A chest X ray showed bilateral, 
diffuse pulmonary infiltrates and a prominently raised 
diaphragm on both sides. The left-sided pneumothorax 
had almost completely resolved, but the left intercostal 
drain was still in place. 

A haemodialysis line of the Uldall type was inserted 
into the right subclavian vein without difficulty, and the 
patient had 4 hours of haemodialysis. Three hours later, 
an attempt was made to cannulate the left subclavian 
vein for the administration of 50 percent dextrose and 
central venous pressure monitoring, using the intra- 
clavicular approach. 

The usual precautions were followed, including the 
use of a 20° head-down tilt. An 8-cm long, 12-gauge 
needle, standard in the Vygon Nutricath ‘S’ pack, was 
used. It was thought that the vein had been cannulated 
on two occasions, but it was impossible to thread the 
catheter and the procedure was abandoned. The 
patient’s systolic blood pressure decreased to 50 mmHg 
(direct intra-arterial recording) within a few minutes. 
This hypotension rapidly responded to two units of 
human plasma protein fraction and two units of 
albumin 20 percent, but over a further 10 minutes his 
condition deteriorated, with a falling blood pressure 
and a central venous pressure, measured via the Uldall 
line, of +30 cmH,O. Resuscitative measures included 
external cardiac massage, manual ventilation of the 


lungs with 100 percent oxygen, aspiration of the left 
intercostal drain for air or blood, as well as the insertion 
of a 16-gauge needle attached to a fluid-filled syringe at 
two sites in the left hemithorax to exclude a tension 
pneumothorax or haemothorax. 

Pericardial tamponade was certainly considered and 
two attempts were made to aspirate the pericardial sac 
by the sub-xiphisternal route with a 4.5 cm and then a 
5.7 cm needle. Four hundred and sixty ml of straw- 
coloured fluid was obtained, but neither blood nor air 
was aspirated. By this time, despite further volume 
replacement and pharmacological efforts to restore the 
circulation, acute circulatory insufficiency had 
developed and the pupils were fixed and dilated. 

Postmortem examination revealed a haemoperi- 
cardium and two puncture sites in the ascending aorta 
within 2 cm of the aortic valve root. There was no sign 
of a tension pneumothorax. The mediastinum had been 
displaced in a cephalad direction, secondary to the 
marked abdominal distension which had been caused 
by the combination of ascites and severe bowel 
distension. 

For the past decade, all central venous lines have been 
passed in this unit exclusively via the percutaneous 
infraclavicular approach to the subclavian vein without 
any previous major complication other than a pneu- 
mothorax rate of less than 0.5 percent. There are several 
important features of this case which we feel deserve 
wider discussion. Firstly, previous reports of pericardial 
tamponade associated with central venous cannulation 
have been secondary to perforation of the great veins, 
atrium or ventricle by the catheter tip, resulting in 
hydromediastinum which later caused extrapericardial 
tamponade, or direct intrapericardial tamponade due 
to the infusion of intravenous fiuids.7~* Most cases 
have been fatal. We believe this to be the only report of 
aortic puncture within the pericardial reflection by a 
needle used to initiate central venous cannulation. 

The markedly elevated diaphragm and reduced intra- 
thoracic volume secondary to gross abdominal 
distension, ascites and hepatomegaly, were noted on the 
chest X ray prior to attempted subclavian vein can- 
nulation, but their implications regarding distortion of 
mediastinal anatomy were not fully appreciated. In 
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patients who have a cephalad displacement of the 
mediastinum and great vessels, faith in the classical 
anatomical landmarks needs to be tempered with great 
caution, especially when a 20-25° head-down tilt is used 
routinely,’ since this exacerbates the effect of any 
abnormality. 

Marked upward displacement of the inferior 
pericardial surface accounted for the failure to 
aspirate blood from the pericardial sac by the sub- 
xiphisternal route in this case. Most authors suggest this 
is the safest route for pericardiocentesis,?** since the 
alternative parasternal approach has a higher incidence 
of dysrhythmias, cardiac puncture and laceration of the 
anterior descending coronary artery.” Sub-xiphoid 
pericardiostomy or window has been described as an 
emergency measure, as well as limited thoracotomy 
through the 4th or 5th left intercostal space,® although 
the clinician who has no immediate access to cardio- 
thoracic surgical expertise must exercise careful 
judgement before undertaking such heroic procedures. 

This case suggests that, in the presence of marked 
abdominal distension from any cause, including 
pregnancy, percutaneous subclavian cannulation 
particularly on the left side, is a hazardous procedure 
and should be undertaken with great caution. It may 
also be wiser practice to avoid long, large-bore needles 
and catheter-through-needle devices such as the one 


used in this case, and to limit venepuncture to shorter, 
small-gauge needles with a subsequent Seldinger wire 
technique, although this too has complications. 


General Intensive Therapy Unit, D. Cmos 
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Difficalt tracheal intubation 


In reply to Dr Zuck’s letter (Anaesthesia, 1985; 40: 1016) 
the measurements on the lateral X ray of our patient (in 
the neutral position) were: posterior mandibular depth 
2.6 cm and effective mandibular length 10.6 cm, achiev- 
ing a ratio of 4:1. The atlanto-occipital gap was 8 mm. 
According to White and Kander,' this ratio should 
indicate easy intubation in the absence of other factors. 
We described prominent asymmetrical teeth, although 
these did not obscure the view. Substitution of our 
measurements into Dr Cormack’s derived equation? 
which relates the posterior mandibular depth to 
atlanto-occipital gap, provided further indication that 
intubation should not have been difficult (personal 
communication). 

Our case demonstrates fallibility of two radiological 
methods, both carried out in retrospect, for the detec- 
tion of difficult intubation. We await with interest Dr 
Zuck’s findings relating cervical spine convexity to 


laryngeal position in the coronal plane. 

There is a need for a simple pre-operative screening 
test, to alert us to possible difficulty and whether to 
undertake prospective radiological measu-ements. It 
seems that the predictive reliability of these has yet to 
be established. 


Department of Anaesthetics, I.D. LEVACK 
Royal Infirmary, A.H.B, MASSON 
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Difficult tracheal intubation in obstetrics 


The study by Dr Lyons (Anaesthesia 1985; 40: 759-63) 
is important and I am sorry if my comments seemed to 
him! critical. His strategy may help to prevent maternal 
deaths; certainly we all hope so, because it would be nice 
if the solution were as simple as that. Unfortunately, the 


data he cites are far from proving his point. 

The triennial report for 1976-78, to which he refers, 
found 20 deaths in about 120 000 anaesthetics in the 
United Kingdom; a mortality of about | im 6000. His 
own study had no deaths in 2400 cases. Thus, no 


0 


calculation is needed to see that the facts are consistent 
with his regimen giving a greater mortality than the 
national average. To prove that it is better than average, 
one has to show zero deaths in at least 29 000 anaes- 
thetics—this would make p = 0.05 by the simple Chi 
squared test as described, for example, by Sykes and 
Vickers? (Fisher’s exact test leads to a similar con- 
clusion, but the logical defect in the final step of this 
test? is not resolved, as yet). 

Training. The factors which may complicate tracheal 
intubation in obstetric anaesthesia are well known, but 
should not cause failure. Simple ways of coping with 
mammamegaly, for example, have been known for 
ages. The strongest reason for trying to reduce the 
number of failures is that the only certain way of 
preventing Mendelson’s syndrome is a cuffed tube in the 
trachea. If Dr Lyons is not convinced by us, can I 
suggest that he put the following questions to all junior 
staff who apply to join his department. 

What anatomical features are the main cause of 
unexpected difficult intubation in patients with no neck 
pathology? 

Such patients can often be intubated without great 
difficulty, by what method? 

How often have you practised this method? 

The right answers would, I daresay, be given by Dr 
Lyon’s trainees, but he will find that others often give 
quite the wrong answers, even senior registrars from 
teaching hospitals. This is a gap in our present training, 


Correspondence 


due partly to the lack of a useful section on it in 
textbooks. 

Anxiety. Dr Lyons believes that anxiety is 
important factor in causing failed intubation; we ag 
entirely and that is the whole point of our dr 
Difficult intubation is rare, so a registrar who is unlu 
enough to meet this in maternity will have had li 
experience of handling it. In fact, he may never h 
seen it before, so panic is likely. Our solution is 
simulate the difficult case on routine lists and prac 
the blind intubation method. Then, if the trainee m: 
a real case, he will be familiar with its appearance ; 
its management, so there should be no great alarn 

Is it right to organise increasingly costly, labori 
and complex antacid regimens, without first carry 
out this much simpler measure? We would welcome 
Lyons’ comments. 
Northwick Park Hospital, R.S. Corm: 
Harrow, HAI 3UJ. 
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Urban hypothermia 


Dr N.V. Fergusson (Anaesthesia 1985; 40: 651-4) 
should be congratulated on the successful resuscitation 
of his case of hypothermia, and it is encouraging to read 
another case report suggesting that active, invasive 
rewarming is not an absolute necessity for the successful 
resuscitation from ventricular fibrillation in hypo- 
thermia. It was personally pleasing also to see that part 
of the rewarming technique included the use of heated 
humidified ventilator gases (airway warming). 
However, the title Urban hypothermia is peculiar, 
not least since the case occurred under circumstances 
more likely to be found in the country. The history of 
the case suggests that hypothermia was caused by the 
rate of heat loss being so great that it overwhelmed the 
body’s heat production: it was of the immersion type.! 
In the reported case, the rate of heat loss would be 
increased by drug and alcohol induced vasodilatation 
plus soaked clothing in a very cold environment, while 
the rate of heat production would be impaired by the 
alcohol. The history certainly does not match the 
exhaustion type of hypothermia which occurs among 
climbers. The other common type of accidental 
hypothermia is the subchronic type usual among the 
elderly, in which the person is exposed to cold stress for 
a prolonged period, days or weeks, before becoming 


clinically hypothermic. The fluid shifts which oc 
during prolonged exposure to cold cause probl 
during rewarming.? If the term urban hypothermi 
used, it should, in my opinion, be reserved for 
subchronic type of hypothermia. 
Department of Anaesthetics, BL- Li 
Princess Margaret Rose Hospital, 

Fairmilehead, 

Edinburgh. 
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A reply 


Thank you for sending me Dr E.C. Lloyd’s letter. 
The case described does indeed best fit with 
immersion type of hypothermia within the classificat 
of immersion exhaustion and subchronic types. The 1 
Urban hypothermia was chosen to draw attention to 


334 Correspondence 


point that the case occurred in an urban environment 
and that immersion and exhaustion types of hypo- 
thermia may be seen in urban areas. 


Royal Berkshire Hospital, 


N.V. FERGUSSON 
Reading, 


Berkshire, RGI 5AN. 


Epidural test dose 


Dr Kumar and his colleagues (Anaesthesia 1985; 40: 
1023) state in their letter that a dose of 1.5-1.6 ml 0.5 
percent plain isobaric bupivacaine injected intrathecally 
produces a block up to T,, within 3 minutes, and go on 
to recommend that this would be a suitable test dose to 
exclude intrathecal placement of the epidural catheter. 

My experience of spinal anaesthesia in over 100 
patients using 0.5 percent plain isobaric bupivacaine, 
suggests that there is a marked variation in onset time 
which may be between 2 and 15 minutes. A dose of 3 
ml injected intrathecally into pregnant women may 
indeed produce an extensive block, but I do not consider 


that 1.5 ml 0.5 percent bupivacaine is a suitable test 
dose. Five percent lignocaine produces a rapid block 
when used for spinal anaesthesia and I therefore agree 
with Dr Casey (Anaesthesia 1985; 40: 597) that 
1.5-2.0 ml 5 percent lignocaine would constitute an 
effective test dose and is worth consideration. The 
addition of 0.015 mg adrenaline would help detect 
intravascular placement. 
Whittington Hospital, S. MALLAIAH 
Highgate Hill, 

London N19 SNF. 


Eye to eye with Murphy’s law 


We recently encountered an unusual problem in our 
intensive care unit. A 27-year-old female was found to 
require high inflation pressures for mechanical 
ventilation of her lungs and she produced copious 
amounts of purulent sputum. We elected to employ a 
flexible fibreoptic bronchoscope to examine her 
tracheobronchial tree. 

The well lubricated instrument was passed without 
difficulty through the tracheal tube, and the carina and 
right-side bronchi were readily visualised. However, 
attempted withdrawal of the bronchoscope, to examine 
the left side, met with significant resistance. The 
bronchoscope could be advanced but not withdrawn. 
For fear of damage to patient or instrument, the cuff of 
the tracheal tube was deflated and both tube and 
bronchoscope were removed together, revealing the 
cause of the problem (Fig. 1). 

The hole in the bevel of a tracheal tube, or Murphy’s 
eye,” was described to allow gas to pass should the bevel 
of the tube be occluded by the wall of the trachea or by 
any other obstruction. Fortunately, in this instance, 
while complicating a normally simple procedure, no 
harm came to either patient or instrument. 


Departments of Anaesthetics 
and Thoracic Surgery, 
Wentworth Hospital, 
Private Bag Jacobs 4026, 
Durban, South Africa. 


R.G. MACGILLIVRAY 
J.A. ODELL 
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Fig. 1. Fibreoptic bronchoscope emerging from Murphy's eye 
of tracheal tube. 
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questions (MCQ) and Part II an oral examination. The 
examination is being conducted in English, French, 
German, Italian and Spanish. 


The intentions of the European Academy are that the Diploma will: 


@ provide a European title of distinction that will be recognised as 
evidence of a high standard of training and distinction. 


@ assist in the raising of standards of anaesthesiology throughout 
Europe. 
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The end of the crystalloid era? 


There is much that is interesting and challenging in the 
paper by Twigley and Hillman (Anaesthesia 1985; 40: 
860-71) who make a plea for more account to be taken 
of colloid solutions which have oncotically active 
solutes. The authors treat the modifted gelatins as 
though they were identical; this is not so. Haemaccel 
(polygeline) contains more than ten times the con- 
centration of both calcium and potassium that is found 


_in Gelofusine and all the documented accounts of 


histamine release have applied to Haemaccel. This so- 
called ‘relative hypovolaemia’ resulting from sym- 
pathetic blockade in epidural analgesia is particularly 
likely to be associated with anaphylactoid reactions to 
rapid infusion of Haemaccel,!? and it should not be 
used for this purpose. 

Is it not time that British anaesthetists started to use 
the increased supplies of 4.5 percent albumin promised 
by the Blood Products Laboratory in 198473 The 
plasma is a by-product of fractionation of whole blood 
for other purposes and its cost is therefore not a valid 
reason to choose a synthetic substitute. The preparation 
has been unjustly condemned in the United Kingdom, 
as a result of the report from Seattle*+-> of kallikrein 
activity in plasma protein fraction due to heat applied 
in its preparation. Lane? contends that the UK product 
has a long record of use, uncomplicated by reports of 
hypotensive reactions and Factor XII fragments (pre- 
kallikrein activators) are usually undetectable. 
Shackleton Department of P.J. Horsey 

Anaesthetics, 

Southampton General Hospital, 
Southampton, SO 4XY. 
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Here are a few comments concerning Twigley and 
Hillman’s review. The authors’ message seemed to be 
that fluid restriction during the day of operation, in 
moderate surgery, and intravenous cannulae and 
infusion are unnecessary and that, if hypovolaemia 
occurs, volume should be replaced with colloid 


solutions. The colloid and crystalloid discussion has 
gone on for many years and it is surprising that yet 
another article tries to swing the pendulum back in 
favour of ‘colloid only’ therapy. Surely, if there are 
good arguments on both sides, the truth must lie 
somewhere in between. 

First of all, it is totally unacceptable to suggest that 
patients need not have an intravenous cannula and 
infusion during and after operation, apart from minor 
procedures. This would be a large step backwards in the 
practice of anaesthesia. It is difficult to understand that 
an indwelling cannula gives rise to pain, infection and 
thrombophlebitis after 24 hours; this is not the case in 
Sweden. My views are based on clinical observation and 
not on radio-isotope studies. One thing is certain and 
that is that if the only fluids given during larger pro- 
cedures are those required to replace blood losses, then 
the patient will show all the signs of hypovolaemia in the 
postoperative period. 

There are many reasons for fluid losses including 
evaporation, transudation and shifts into the interstitial 
compartment. Losses to the outside need to be replaced: 
the nature of this loss, mostly low in sodium, with some 
degree of protein loss indicates that a dextrose/saline 
type of solution should be suitable, with extra protein 
should transudation losses be large. 

The losses due to shifts of fluid between the compart- 
ments are somewhat more complicated. These cannot 
be regarded as loss since fluid remains in the the tissues 
and is available to the circulation later. The argument 
that it is illogical to replace this deficit with solutions, 
75 percent of which, pass into the extracellular compart- 
ment is a logical one. In medical practice, however, it is 
not unusual that, what is logical in theory, does not 
apply in practice. 

It has been shown in connexion with blood loss 
replacement! that if colloid is used instead of crystal- 
loid, together with erythrocytes, then although twice as 
much crystalloid as colloid is required to maintain a 
steady wedge pressure, more problems arise in the 
colloid group in the postoperative period, since the 
other group can increase urine output. Once in, colloids 
are more difficult to extract. 

It is possible that there is a tendency to overfill 
patients in Sweden by following rather extreme 
crystalloid regimens, but there seems to be a trend 
towards a compromise with the use of a regimen, 
including both colloid as dextran 70, and a dextrose/ 
saline solution in somewhat lesser amounts. The intro- 
duction of the pretreatment of patients with a dextran 
hapten, consisting of a solution of 1000 dalton dextran 
molecules, has reduced the incidence of allergic re- 
actions to dextran to zero. The use of dextran solution 
also has the advantage that the incidence of deep vein 
thrombosis is greatly reduced. 

Where fluid shifts are expected to be large, we usually 
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introduce a central venous catheter to facilitate 
monitoring of the treatment. Swan-Ganz catheters are 
reserved for complicated cases. The important thing is 
to ensure that fluid excesses incurred during the day of 
operation are retrieved in the postoperative period 
through fluid restriction and diuretic therapy if 
necessary. 

In suggesting a regimen of fluid restriction and 
colloid-based therapy, I consider that Twigley and 
Hillman are treading on illogical dangerous ground. 
Lasarettet, P. Cox 
591 85 Motala, 

Sweden. 
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A reply 


Thank you for the opportunity to reply to both these 
letters. 

Dr Horsey is correct with his suggestion that there are 
more reports about Haemaccel and histamine release 
than after other modified gelatins. This impression may 
be because it is based on relatively few case reports and 
Haemaccel is by far the most commonly used modified 
gelatin in clinical practice. However, I disagree with Dr 
Horsey’s conclusions that Haemaccel is particularly 
associated with anaphylactoid reactions during 
epidural analgesia and therefore that it should not be 
used for this purpose. The evidence for this is based on 
two reports with a total of seven cases. ™? The first case 
was almost certainly related to his history of severe 
allergic asthma rather than the epidural,’ and the 
second report included six cases, two of whom had an 
epidural, one had an epidural and general anaesthetic 
and three had general anaesthesia. The incidence of 
anaphylactoid reactions with all of the colloids is 
extremely rare.’ : 

Our message has been somewhat oversimplified and 
misunderstood by Dr Cox. We suggest no fluid where 
it is not needed, relatively less fluid where that is all that 


is required and the correct fluid when treating hypo- 
volaemia. The problem of pre-operative fluid balance is 
difficult, as Dr Cox points out. However, it has been 
made a bit more difficult than is perhaps necessary, and 
it is complicated further by suggestions that, because 
certain fluid regimens have worked in the past, (that is, 
patients have on the whole survived them) then they 
must be ideal. Clinical observations are subject to the 
same criticisms as al! observations unless they are 
rigorously tested. If blood losses are adequately 
replaced in Dr Cox’s hypothetical patients, then it is 
difficult to understand why they should still show all the 
signs of hypovolaemia; it is very unlikely that it would 
be due to inadequate crystalloid replacement of the 
interstitial space. Indeed, in the reference quoted in Dr 
Cox’s letter, both crystalloids and colloid were titrated 
against wedge pressure. It is logical to titrate a colloid, 
most of which remains in the intravascular space, 
against wedge pressure, but it is illogical to titrate 
crystalloid solution, most of which is distributed to the 
interstitial space against a measurement which relates to 
the intravascular space. The problem of extracting 
colloids, once they are in, is overcome by giving the 
correct amount in the first place. This involves titrating 
the colloid against the many measurements used to 
assess intravascular volume. The criticism by Dr Cox of 
our suggested policy of using relatively less crystalloid 
and a more rational approach to hypovolaemia seems 
to be negated by his own observation that there is a 
recent trend in Sweden also to use less extreme crystal- 
loid regimens and more hyponatraemic solutions 
together with colloid, in the form of Dextran 70. 

The Intensive Care Unit, K. HILLMAN 
The Liverpool Hospital, 

Liverpool, NSW, 2170, 

Australia. 
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Transient loss of consciousness after therapeutic epidural injection 


The controversy as to who called attention to the above 
stated problem caused me to chiickle and I enjoyed the 
one-upmanship involved (Anaesthesia 1985; 40: 
824-5). l 

In addition to this problem, the possibility óf even 
More serious consequences was cited 30 years ago, 


where the following (paraphrased) was stated about the 
subject. ` 

_ ‘Not infrequently the anesthesiologist is requested to 
perform pressure caudal injections for sciatic or back 
pain. This entails the rapid injection of 50-90 mi of 
solution into the caudal canal. 


X 


It is common for the referring physician to manipu- 
late the patient’s legs and back after the injection of the 
solution. This'is usually performed with much vigour. 
Because the manipulation of the back is attended with 
pain, the patient must receive either a regional anes- 
thetic or a general anesthetic. Following regional 
anesthesia, we have observed convulsions not due to 
systemic toxic reaction. Following general anesthesia 
and this technique, Callahan, McConville, and Goss 
(personal communication) have observed 8 cases of 
retinal hemorrhage.’ 
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Department of Anesthesiology, D.C. Moore 
University of Washington, 

School of Medicine, 

Seattle, Waskington 98195 

USA. 
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Labels for drug ampoules 


Dr Rendell-Baker's interesting letter (Anaesthesia 1985; 
40: 912-3) about the syringe labelling only touched on 
the labelling of ampoules, although it might be thought 
that this is a matter in need of far more attention. 

It is obvious that no thought has been given to the 
user’s needs in relation to small ampoules. Two random 
examples, which are probably no worse than many 
others, are labelled thus: ‘Cyclimorph 10 containing 
Morph tart 10 mg Cyliz tart 50 mg Use S/C I/M or I/V 
CD POM Calmic Lot 57856’, in orange and ‘Atropine 
sulphate injection BP 600 meg in 1 ml for S.C. I.M. or 
I.V. inj Evans Medical Ltd Batch B088 Use before 
March 1987 in blue, both on clear glass. The single, 
truly useful word ‘Atropine’ has to be read against the 
background of the wording on the far side of the 
ampoule. The lettering is about 1 mm high. Keen eyes 
must be at their limits here and the tired or old must be 


beyond them. 

Labellers should use the minimum of words and the 
one or two clinically vital words should be large and, 
most importantly, printed on a contrasting back- 
ground. What about ‘Cyclimorph 10° and ‘Atropine 
600 mcg’ only? I dare say other interests might rightfully 
require additional wording, but this must not be 
allowed to reduce the drug name to the same size as the 
batch number and thus, near illegibility. 

Paper labels are, on the whole, superior to printing on 
glass. Small print is for lawyers, not doctors. Might not 
the Association produce some guidelines for manu- 
facturers? 


Arrowe Park Hospital, 
Arrowe Park Road, 
Upton, Wirral, Merseyside L49 SPE 


B.P. GURATSKY 


Nasotracheal intubation 


The letter from Dr Boysen (Anaesthesia 1985; 40: 1024) 
about the potential danger of tracheal tube occlusion by 
a nasal concha was interesting. May I, through your 
columns, draw attention to an earlier letter which 
describes a method to prevent this.' 


Department of Anaesthesia, M.J. HARRISON 
University Hospital and Medical School, 

Clifton Boulevard, 

Nottingham NG7 2UH 
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Equipment for paediatric epidurals 


There were no paediatric epidural catheters available in 
Europe until recently and paediatric anaesthetists who 
wished to perform continuous epidurals in children had 
to use either paediatric intravenous catheters threaded 
through 18-gauge Tuohy needles or comparatively large 
18-gauge epidural catheters. 

Portex has recently perfected a 19-gauge epidural 
needle with 21-gauge nylon catheter. The needle has a 


short blunt rounded bevel to prevent injury to the dura, 
a 5-cm shaft which is graduated every 0.5 cm to allow 
evaluation of needle progression toward the epidural 
space, and a cone-shaped catheter introducer inside the 
needle hub. The catheter has a rounded terminal eye, no 
lateral holes and is graduated every centimetre to 10 cm 
with an additional mark at 5 cm and two additional 
marks at 10 cm. The catheter has a twist on connector. 
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Six different anaesthetists have put 30 of these 
catheters into children aged between 3 months and 12 
years. They were asked to rate needle, catheter and 
connector. All found that, after making a hole in the 
skin, the needle was easy to use because of the gradua- 
tions and the cone shaped catheter introducer; two 
found the catheters too long for children under one year 
(they have since been shortened) and all found the 
connector easy to use. Catheters were left in place for 
24 hours to 8 days and, on examination when removed, 
nothing abnormal was found at the puncture site or on 


examination of the catheter itself. 

These needles and catheters could be used for 
children up to 13 years, because the distance from the 
skin to the epidural space is less than 4 cm. 


Departement D’Anesthesie, J. DESPARMET 
Hopital Saint-Vincent De Paul, 

74, avenue Denfert-Rochereau, 

75674 Paris Cedex 14, 


France. 


Inhalation of a minitracheotomy tube 


We wish to report the inhalation of a minitracheostomy 


tube, with some suggestions for prevention of this 


complication. 

A 65-year-old man with chronic bronchitis entered 
the intensive care unit 5 days after oesophagogastrec- 
tomy, with sputum retention unresponsive to physio- 
therapy. On examination, although he was not severely 
dyspnoeic, he had an increased respiratory rate, 
‘rattling’ breathing and an ineffective cough. A mini- 
tracheostomy was performed to prevent further 
deterioration according to the method described by 
Matthews and Hopkinson,' using the kit produced by 
Portex U.K. Ltd., (which also incorporates a full 
instruction sheet). Insertion of the tube proceeded 
smoothly, apart from some difficulty sliding the tube 
over the introducer, and it was sutured in place, after 
distraction of the ‘wings’ using the Prolene suture 
provided. Sputum aspiration via the minitracheotomy 
tube was immediately, and consistently, effective and 
the patient’s respiratory state gradually improved. 
Nursing staff had occasional difficulty passing a 1OFG 
suction catheter, but were quick to appreciate the 
advantages of the technique. On the second day, one 
Prolene suture became loose, and both sutures were 
replaced by black silk. On the fifth day, the patient 
started oral fluids, and, during a bout of coughing 
precipitated by this, inhaled his minitracheotomy tube. 
A chest radiograph revealed the tube in the right 
bronchus, whence it was swiftly retrieved by fibreoptic 
bronchoscopy, under local anaesthesia. The patient 
suffered no untoward sequelae and was discharged 
from the unit on the following day. Examination of the 
tube showed that both sutures were intact. 

Whereas faulty suture technique is the obvious 
avoidable factor in this complication, attention to 
several points would make its recurrence less likely. 
Since our sutures were still intact, they must have cut 


out of the skin. To prevent this, we suggest that prolapse 
of wings into the stoma should be prevented by ensuring 
their full distraction prior to suture. Extension of the 
head is the optimal position for tube insertion, but the 
head should be at least partially flexed, prior to suture, 
to reduce skin-stretching, and to allow ‘gathering’ of 
loose skin. Prevention of tube prolapse reduces dif- 
ficulties with suction, with less traction on the sutures. 
Full thickness bites of skin should be taken when 
sutures are inserted and two on each side may be 
advisable. Nursing staff must be aware of the possibility 
of tube inhalation. Insertion of suction catheters should 
be as gentle as possible; a smaller catheter shculd be 
used if necessary, and the sutures inspected regularly. 

Matthews and Hopkinson reported no serious 
complications in their series of 24 minitracheotomies.! 
The inhalation of the minitracheotomy tube in our 
patient, although benign, was potentially a serious 
complication, but we believe that adoption of the simple 
precautions mentioned above will prevent any 
recurrence. Our experience of minitracheotomy in this 
and two other patients to date, convinces us tkat the 
technique is a real advance in the management of 
sputum retention. 

Portex UK Ltd., are shortly to market a second 
version of their minitracheotomy kit, which incor- 
porates changes in design which make inhalation of the 
tube impossible. 

Royal East Sussex Hospital, A.B, LEACH 
Hastings, TN34 1ER. 
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EACH“PIEGE” PLAYS ITS PART 


For an endotracheal tube to 
work well as a system, each 
component part should by 
design and manufacture, be 
of a high standard. 


The wide range of Portex 
endotracheal tubes are all 
dedicated to this philosophy 
and there is a design to suit 
most needs. 
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SILICONE RENDELL BAKER 
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The mask for children with minimum dead- 
space achieved by anatomically correct 
shape. 
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OLYMPUS ENDOSCOPY 


SYSTEM 
LF-1 INTUBATING FIBERSCOPE 


Specifically designed for anaesthetic use 
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Fiberoptic bronchoscopes have proved their 
value for intubating difficult cases*. The LF-1, 
which is less expensive than current models of 
bronchoscopes, has been designed to meet the 
special demands of the procedure. The slimline 
insertion tube allows a wide range of ET tube 
diameters to be used, whilst the ergonomic 
design makes it simple to operate. The LF-1 is 
an instrument from the OES (Olympus 
Endoscopy System) range, with the proven 
benefits of increased durability and PAN 
immersibility for sterilisation. i ANE 2 


* 1 casa for anaesthesia. Watson, C.B., Anaesthesiology 1. The LF with the endotracheal tube near the control body, is 
eview A "i j 

2. Use of flexible fiberoptic bronchoscope to change endotracheal tubes in passed transnasally deep into the trachea. . 
critically ill patients. Rosenbaum, S.H., Am. Soc. Anaesthes. (1981), 54: 169-170. 2. The ET tube is advanced through the nasopharynx using the LF-1 
3. Endotracheal intubation with the flexible fiberoptic bronchoscope. Davidson, asa ‘guide wire’ 
TM. Anaesthesiology Review (1975), 54: 346-349 E , . F 
4. The Broncho-fiberscope as an aid to endotracheal intubation. Taylor, PA. and 3, The ET tube is placed in the trachea, under direct visual control. 
Towey R.M. B.J. Anaesth. (1972), 44: 61 
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With Tracrium there are no 
cumulative effects with supplemental 
dosing, so the pattern of block and 
recovery remains consistent, regardless 
of the number of doses given. 

Surgical muscle relaxation can 
therefore be conveniently extended at 
a uniform level for as long as required, 
simply by repeated incremental bolus 
doses given at predictable clock-timed 
intervals or by continuous i.v. infusion. 

The rate of recovery remains just as 
rapid as that seen after administration 
of a single bolus dose, so reversal can 
be promptly and easily achieved 
whatever the duration of the operation- 
regardless of the patient's age and 
hepatic, renal and circulatory status. 

All of which adds up to an unusual 
degree of versatility. 

Thats why more and more 
anaesthetists are using 
Tracrium routinely, in 
procedures of widely 
differing type and length, 
from laparoscopy to 
open-heart surgery. Wellcome 


Cardiac valve replacement 


103-224 minutes Muscle relaxation 
without cumulation. 
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Tracrium Prescribing Information 


Uses Tracrium is a highly selective, competitive (non-depolarising) 
muscle relaxant for use in a wide range of surgical procedures and to 
facilitate control of respiration. Tracrium is highly suitable for 
endotracheal intubation, especially where subsequent relaxation is 
required. 

Dosage and administration 

Intravenous injection: Adults and children over | year. 0.3-0.6 mg/kg 
depending on the duration of block required; this will provide 
relaxation for about 15-35 minutes. Tracrium may be used at standard 
dosage in elderly patients and in those with respiratory, hepatic or renal 
failure. Full block can be prolonged with supplementary doses of 0.1-0.2 
mg/kg as required. Successive supplementary dosing does not give rise 
to cumulation. Endotracheal intubation can usually be accomplished 
within 90 seconds of intravenous injection of 0.5-0.6 mg/kg The 
neuromuscular block produced by Tracrium can be rapidly and 
permanently reversed by standard doses of neostigmine which should 
be preceded by the administration of atropine. Recovery from full block 
without the use of neostigmine occurs in about 35 minutes. 
Continuous infusion: Tracrium is suitable for administration by 
continuous infusion at rates of 0.005-0.01 mg/kg/minute (0.3-0.6 mg/kg/ 
hour) to maintain neuromuscular block during long surgical 
procedures. Tracrium maintains acceptable physical and chemical 
stability in daylight at concentrations of between 0.5 and 0.9 mg/ml at 
30°C for up to: 4 hours in: Compound Sodium Lactate Intravenous 
Infusion BP.. 8 hours in: Ringer's Injection U.S.P.; Glucose Intravenous 
Infusion B.P. 5% w/v, Sodium Chloride 0.18% w/v and Glucose 
Intravenous Infusion B.P. 4% w/v and up to 24 hours in: Sodium 
Chloride Intravenous Infusion B.P. Tracrium can be administered by 
infusion during cardiopulmonary bypass surgery, at the recommended 
infusion rate. Induced hypothermia to a body temperature of 25 to 26°C 
reduces the rate of inactivation of atracurium, therefore full 
neuromuscular block may be maintained by approximately half the 
original infusion rate at these temperatures. 

Contra-indications, warnings, etc. Contra-indicated in patients 
hypersensitive to atracurium besylate. Tracrium should be used with 
caution in patients receiving aminoglycosides or polypeptide antibiotics 
and in patients with myasthenia gravis. In common with all other 
neuromuscular blocking agents, adequate facilities must be available 
for endotracheal intubation and artificial ventilation. The 
neuromuscular block produced by Tracrium may be increased by the 
concomitant use of inhalational anaesthetics such as halothane. 
Tracrium should not be mixed in the same syringe with any other agent, 
in particular it must not be mixed with thiopentone or any alkaline 
agent, as the high pH would cause inactivation of the Tracrium. As with 
all other neuromuscular blocking agents the possibility of transient 
hypotension due to histamine release cannot be excluded. Although 
animal studies have indicated that Tracrium has no adverse effects on 
foetal development, nevertheless, like all neuromuscular blocking 
agents, it should be used with caution in pregnant women. Tracrium 
may be used to maintain neuromuscular relaxation in Caesarean 
section as atracurium does not cross the placenta in clinically 
significant amounts. 

Presentation Tracrium injection contains 10 mg per mi atracurium 
besylate. Two ampoule sizes, 2.5 ml and 5 mh are available. 

Basic NHS costs £6.50 for a box of 5 x 2.5 ml 

ampoules, £12.50 for a box of 5 x 5 ml ampoules. 

(PL3/0166). 


Further information is available on request 
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The Wellcome Foundation Ltd 
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Effects of Anesthesia 


Edited by B.G. Covino, H.A. Fozzarp, K. REHDER 
AND G. STRICHARTZ. Pp. 224, Williams and Wilkins, 
1985 £44, 


This publication by the American Physiological Society 
provides, in three sections, series of reviews of the effects 
of anaesthesia and anaesthetic agents on excitable cell 
membranes, on the respiratory system and on the 
cardiovascular system; these are written by experienced 
researchers in basic science or anaesthesiology 
departments, with one exception, in the U.S.A. or 
Canada. 

The first section includes chapters on the actions of 
local or general anaesthetic agents on excitable cell 
membranes in relation to membrane structure and 
membrane function. The second section includes 
chapters on the effects of general anaesthesia on 
ventilatory control, mechanics of ventilation and in 
particular, its actions on chest wall function and their 
significance in relation to pulmonary function during 
anaesthesia, pulmonary blood flow and pulmonary gas 
exchange. A final section includes a chapter on the 
effects of general anaesthesia and specific anaesthetic 
agents on cardiovascular function dealing particularly 
with direct and reflex effects and differences between 
individual volatile anaesthetic agents. followed by 
chapters on the cardiovascular actions of intravenous 
anaesthetic agents, narcotic drugs and loca] anaesthetic 
agents and regional anaesthetic techniques. 

Overall, in addition to providing good general re- 
views in each of these three areas, the individual sections 
also provide interesting accounts of fields of current 
study in a clearly presented, readable and well 


Intensive Care Manual 34] 
Edited by T.E. OH 

Difficulties in tracheal intubation 341 
Edited by I.P. Larto AND M. ROSEN 

Searching the Medical Literature 342 


J. WELCH AND T.A. KING 


referenced text. The book is aimed ‘at highlighting the 
intimate relationship and interdependence between 
anesthesiology and physiology’ and is intended for both 
physiologists and anaesthetists. This book should be of 
value to anaesthetists in a number of ways, particularly 
to the clinical anaesthetist, as a useful up-to-date review 
of some important effects of anaesthesia, and to the 
trainee anaesthetist studying basic sciences, as a clear 
account of the significance of anaesthesia in relation to 
normal physiological function. As such, this book could 
be recommended to candidates preparing for the Part 2 
FFARCS examination. 

D. WEATHERILL 


Handbook of Regional Anaesthesia 


Edited by P. PrirHvi Ras. Pp. 285, Churchill Living- 
stone, 1985. £44.50. 


A number of books have been published in recent years 
concerning regional blocks. Some are ‘how to do it’ 
books and some are more scholarly. This one titles itself 
a ‘Handbook of Regional Anaesthesia’ and sets out to 
fulfil a need occasioned by the current resurgence of 
interest in regional methods in the USA. It is aimed 
principally at the American market, though a treatise of 
this nature is clearly also of interest to British readers. 
The book itself has a number of unusual characteristics. 
Of the eighteen contributors, all except one write from 
the University of Cincinnati, and more than one third 
have British qualifications. There cannot be many 
departments of anaesthesia with such a number of 
members available to contribute ably to a treatise on a 
sub-specialty interest. 

The framework in which the book contents are set out 
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is unusual too. Dr Raj, contributor and editor, starts the 
volume with a chapter on general principles. The second 
chapter, entitled ‘Rationale and Choice of Regional 
Anesthesia’, discusses the regional techniques applic- 
able in neurosurgery, ophthalmic, ear nose and throat, 
urology, renal transplant, orthopaedics, general and 
vascular surgery. Each sub-section has its own author- 
ship. There are then individual chapters on obstetrics, 
postoperative pain and chronic pain. Only now does the 
reader come upon the sixth chapter, on the physiology, 
pharmacology and toxicity of local anaesthetics. 
Chapter 7 then describes the techniques of nerve 
blocking not already considered in the early chapters. 
Finally, there are chapters on adjuvant techniques and 
complications. The unusual arrangement of chapters 
and the multiplicity of authors may at first confuse the 
reader. For example, spinal blockade and epidural 
block, being applicable to a wide range of surgical 
operations, receive a short discussion in a number cf 
sections as well as the main treatment in the chapter on 
techniques of nerve blocking. There is, therefore, a 
degree of repetition, though this is not necessarily a bad 
thing. Some of the statements are rather synoptic in 
nature, little more in fact than a sentence with a 
reference. Many readers would welcome elaboration 
with an indication of the practical importance of 
statements made. The overall text would be improved 
if cross-references were employed to help the reader. 

The British reader will note that the text has been 
written with the American practitioner principally in 
mind. This is not a disadvantage, since the few changes 
in usage of drug names should be understood in Britain 
without difficulty. The clinical practice is not sig- 
nificantly different between Britain and the USA. 
Nevertheless, most of the references quoted are to the 
North American literature and the reader will search in 
vain for mention of some developments in the UK. 
Among the most important of these is the abandonment 
of bupivacaine in Britain for intravenous regional 
analgesia, due to the reports of intractable myocardial 
depression; the drug is still advocated for this purpose 
in this volume. 

The illustrations in the volume are good. The line 
drawings are without exception clear, with a lack of 
unnecessary material, and they all make their point. The 
index is not entirely satisfactory. In an effort to be 
exhaustive there are nearly two complete pages of 
entries under the heading “Anesthesia”. Surely this 
results in unnecessary duplication. 

Your reviewer has made a number of criticisms, but 
it must be emphasised that there is a lot of information 
provided in this Handbook. Not only will the prac- 
titioner of regional block find helpful ‘how to do it 
sections, but he will also obtain background theoretical 
information and, where this needs to be amplified, the 
reference sources are quoted. This book can be recom- 
mended to British anaesthetists, albeit with some 
reservations. 

R.S. ATKINSON 


Mishap or Malpractice 
By C. HAwKins. Pp. 316, Blackwells, 1985. £8.50. 


This book, written by a physician who claims ro special 
medicolegal prowess, is published to mark the cen- 
tenary of the Medical Defence Union. Not surprisingly, 
therefore, large parts of it bear considerable similarity 
to the horror stories usually contained in any of the 
defence organisations’ annual reports. But there is more 
to Mishap or Malpractice than that. It contains a 
considerable amount of the fascinating history of 
defence systems for doctors from 1885 to the present. 
The author also deals with the current position and 
describes the attitudes of the public, the law and the 
practitioners of medicine. Many famous cases are 
outlined as examples, and thus the book will be a source 
of reference to medicolegal cases for the non-lawyer. It 
also presents, in a modestly balanced manner, many of 
the subjects of medicolegal interest but there is neither 
interpretation of the present nor much speculation 
about the future. 

Every chapter is headed by a quotation; for example, 
chapter 3, ‘The MDU is a shield but the arbiter is the 
law’-—but should there be a shield for an anaesthetist 
who does not visit his patients, who in the course of an 
extensive surgical procedure does not take or make a 
record of the blood pressure, or is unaware that his 
patient was grossly incapacitated within 6 hours of 
general surgery? These may be matters of debate within 
our specialty but what is, in the reviewer's opinion, quite 
clear is that the patient’s estate should not be decimated 
in the attempt by relatives to obtain financial support 
for a crippled individual. This matter is mentioned 
briefly in the context of no fault compensaticn. 

It is not a book for the narrow specialist; it is for all 
doctors to read and to apply in their own discipline, and 
it should be available in all medical libraries. 

J.N. LUNN 


Anaesthesia. Essays on its History 


Edited by J. RUPREHT, M.J.V. LIEBURG, J.A. LEE AND 
W. ERDMANN. Pp. 409, Springer-Verlag, 1985. DM 118. 


This book is, in reality, the Proceedings of ihe First 
International Symposium on the History of Modern 
Anaesthesia, held in Rotterdam in 1982. The essays are 
therefore based on the lectures given at that time and 
have been divided into five main sections for this 
edition. These sections are: pioneers in anaesthesia 
(including amongst others Clover, Magill, Waters and 
Lundy), development of techniques (including amongst 
others intravenous anaesthesia, dissociative anaes- 
thesia, cardiothoracic anaesthesia, neurosurgical 
anaesthesia and closed circuit anaesthesia), regional 
developments in anaesthesia (outlining how anaesthesia 
spread throughout the world, country to country), the 
World organisation (development of the World 


Federation and various societies) and humanism in 
anaesthesia (anything which did not fit in the other 
sections!). This is not a fully comprehensive book. There 
are many great pioneers ignored, techniques that are 
not described and several countries remain un- 
mentioned. 

The Rotterdam Meeting attracted a large number of 
the great names of anaesthesia, together with often 
younger anaesthetic historians. This is reflected in the 
book. The younger age group have presented carefully 
researched history, while those in the older age groups 
produced personal reminiscences of their own con- 
tributions to the specialty. Both are equally valuable, 
but the personal reflections are particularly interesting 
and permit unique insights into certain developments. 

It is particularly welcome to see so many historical 
papers from places other than England and America 
available in English. Much of the geographical spread 
of anaesthesia has been unknown, except within 
individual countries, and this volume provides much 
information for the interested reader and does much to 
encourage a more global appreciation of anaesthetic 
history. 

Lectures are usually accompanied by visual aids, 
either models, actual equipment, slides or films, which 
enhance the speaker's ideas. Proceedings tend to omit 
these important adjuncts and this volume is un- 
fortunately no exception. Only nine out of eighty-three 
essays include significant numbers of photographs or 
diagrams—a sad omission. 

Each essay is relatively short, only four to five pages 
on average, which makes it easy to dip into and then 
leave again to return later. There are particularly 
valuable reference sections after each presentation and 
a comprehensive index permits a rapid scanning process 
for those searching for a particular name or detail. 
Many fascinating historical facts became apparent 
during the question times permitted after each paper in 
Rotterdam; these details have unfortunately not been 
included and are thus presumably lost. 

Despite the minor drawbacks outlined above, this 
slim volume provides a great wealth of historical facts 
and opinions, collated from the Rotterdam Sym- 
posium, which have been previously unavailable. It will 
be essential reading for all those with an interest in 
anaesthetic history, but some may be deterred by its 
relatively high price. 

It is to be hoped that a further volume of essays in 
what may become a series will follow the Second 
International Congress on the History of Anaesthesia 
which is to be held in London in 1987, and may well fill 
some of the gaps left by this book. 

D.J. WILKINSON 


Intensive Care Manual 


Edited by T.E. Ou. Pp. 463, The Butterworth Group, 
1985. £25.00. 


The second edition of this manual has recently been 
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published and is aimed, very much like the first edition, 
towards both senior and junior medical staff working in 
a general intensive care unit. It is also intended for use 
by nursing staff working in these units, and doctors 
working in peripheral areas who may occasionally have 
to manage critically ill patients. The book has been 
designed to provide useful practical information which 
is readily available and is not meant as a reference work 
giving very detailed information on any specific subject. 

There are now 33 contributors drawn from several 
centres in Australia, most of whom are working full 
time in intensive care. New sections have been included 
on ‘Obstetrical Emergencies’ and ‘Paediatric Intensive 
Care’, which are intended for use by those confronted 
with such problems at infrequent intervals. A further 
short section on ‘Infections’ has been included, 
together with updating of the other sections to include 
some new chapters, recent advances and further 
references. The book is divided into sections covering 
body systems and then further sections covering such 
subjects as shock, physical injuries, poisoning, meta- 
bolic and haematological aspects, pain relief and 
monitoring. 

With many authors it is inevitable that there are 
changes in style between individual chapters. Some 
chapters give a very concise summary of the subject 
matter, which may include lists or tables, whereas others 
cover the subject in a style more related to the 
traditional textbook. In one or two instances, I would 
have wished for a little more information, for instance 
in the use of intravenous narcotics. 

In a typical chapter, established principles and 
methods of treatment are presented together with brief 
discussion of less well accepted methods. Inevitably, 
there are developments in some fields following the 
writing of any textbook, however this book succeeds in 
giving at least a brief mention of some recently intro- 
duced drugs and of possible future changes in methods 
of treatment. Each chapter is followed by a list of 
references as an aid to further reading, and there are 
appendices which cover normal biochemical values, SI 
units, symbols and values in respiratory physiology, 
physiological equations, plasma drug concentrations 
and American nomenclature. All of these form a most 
useful rapid reference section. 

The overall impression is that the manual is very well 
suited to its intended readership, gives wide coverage of 
the subject in a concise format and is a most useful 
volume to have at one’s side in the intensive care unit. 

D.H. SHORT 


Difficulties in tracheal intubation 


Edited by I.P. Latto anv M. Rosen. Pp. 183, Bailliere 
Tindall, 1985. £14.50. 


This excellent book brings together information which 
hitherto has been available, although scattered in the 
literature. There are contributions from six authors, all 
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anaesthetists, providing a comprehensive survey of al! 
matters relating to intubation of the trachea. Some 
slight repetition between chapters is therefore almost 
inevitable, but where key issues are concerned. this is 
probably no bad thing. 

There is a logical sequence of chapters dealing with 
anatomy, both adult and paediatric, pathophysiology 
of complications, the cuff, techniques of awake in- 
tubation. A series of well chosen case reports makes 
compulsive and memorable reading, forcing the reader 
to come to grips with the reality of the subject. A 
chapter on obstetric anaesthesia is short by comparison, 
yet the facts are presented in a didactic manner which 
is probably all important in the initial training of anaes- 
thetists. Bronchial intubation is also thoroughly 
covered and a final chapter is imaginatively devoted to 
the teaching of intubation. 

Concisely and lucidly written, the book is eminently 
readable. It will serve as a useful reference for the 
experienced anaesthetist who, sooner or later, will be 
faced with a problem intubation, as well as for the tiro 
who will find all the information he may seek on the 
subject. It is lavishly illustrated and amply referenced, 
well printed and bound. It can be unreservedly 
recommended for anyone with an interest in the subject. 
It is a must for any anaesthetic department and the 
individual who buys his own copy will not regret it. 

LD. Levack 
A.H.B. MASSON 


Searching the Medical Literature 


By J. WELCH AND T.A. KinG. Pp. 154, Chapman and 
Hall Ltd., 1985. £15.00. 


This book, written jointly by an information officer and 


a librarian for all medical and paramedical personnel, 
describes printed and computer-based guides to the 
primary medical literature of periodicals, books and 
reports. It is not specifically directed at anaesthetists, 
but the selection of sources described suggests that 
clinicians generally are envisaged as the major target 
audience. 

An introductory chapter glancing at recent develop- 
ments in medical information services is followed by 
two chapters describing a range of printed and online 
tools for searching the periodical literature. Succeeding 
chapters are devoted to: drug information services (a 
useful account written by a pharmacist). sources of 
statistical information, the scope and contents of 
a reference collection, a slightly confusing seetion on 
background reading and, finally, a guide to sources of 
advice for doctors as authors, speakers or committee 
members. Some of the lists of recommended reading 
might have tempted the interested reader more by 
offering a less niggardly selection. 

Perhaps not many doctors will read this book from 
cover to cover, but many would benefit from a selective 
reading. As well as discovering or rediscovering various 
ways of exploiting the medical literature, readers may 
also be encouraged to look afresh at the services and 
resources offered by their local medical library. 
Knowledgeable and demanding users are welcome and 
powerful allies for librarians seeking to improve the 
levels of library provision in the NHS. 

S. PRITCHARD 
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The popular Diascope 1 has now been upgraded to include integral rate alarms, pacemaker 
discriminator and full micro-processor support of controls, whilst retaining the proven 
performance of its popular predecessor. The latest improvements mean that more than ever 
the Diascope 1 is the ideal monitor for use throughout the hospital. 

Equally suited to stand alone use in the neonatal unit, operating theatre or general ward 
situation through to use in the ICU/CCU linked to the compatible 8600 Central Station. 
Improvements that show once again, Simonsen and Weel . . . care. 
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Fora known or suspected opioid overdose, the initial adult dose of 
Narcan’ is 0.4 2.0mg iv. repeated, if necessary, up to 10mg. 


These larger doses of Narcan may be necessary to di: ignose the NARCAN 
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depressant effects in overdose are particularly hard to reverse. (naloxone hydrochloride) 
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May necessitate repeated administration of Narcan to prevent CW via 
recurrent narcosis. 
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Anaesthetic literature 


This section of Anaesthetic literature contains references taken from Current Contents—Life Sciences for September 
1985. The journals which may be consulted when Anaesthetic literature is compiled are those listed in Current 
Contents—Sciences, published by the Institute of Scientific Information, Philadelphia, Pennysylvania, USA. 


Abdominal surgery 


Volume-controlled high frequency positive pressure 
ventilation for upper abdominal surgery. A clinical 
report. BABINSKI, M.F., SMTH, R.B., SJOSTRAND U. 
Anaesthesia 1985; 40: 619. 

Effects of morphine and atropine on motility and 
transit in the human ileum. Boropy, T.J., QUIGLEY, 
E.M.M. et al. Gastroenterology 1985; 89: 562. 

Characterization of segmental collateral blood flow in 
the small intestine. BULKLEY, G.B., Womack, W.A. 
et al. American Journal of Physiology 1985; 249: 
G228. 

Opioid inhibition of synaptic transmission in the 
guinea-pig myenteric plexus. CHERUBINI, E., MORITA, 
K., Nortu, R.A. British Journal of Pharmacology 
1985; 85: 805, 

Effect of nicotine on blood flow, oxygen consumption 
and glucose uptake in the canine small intestine. 
Grayson, J., OveBOLA, D.D.O. British Journal of 
Pharmacology 1985; 85: 797. 

Laser-doppler, H, clearance, and microsphere 
estimates of mucosal blood flow. Kvierys, P.R., 
SHEPHERD, A.P., GRANGER, D.N. American Journal 
of Physiology 1985; 249: G221. 

Regional blood flow and water content of the obstruc- 
ted small intestine. PAPANICOLAOU, G., Nikas, D. 
et al. Archives of Surgery 1985; 120: 926. 

Colonic anastomotic healing and oxygen tension. 
SHANDALL, A., LOWNDES, R., YOUNG, H.L. British 
Journal of Surgery 1985; 72: 606. 


Pharmacology 
Adrenergic drugs and their antagonists 


Inhibition of human neuroblastoma by dopamine 
antagonists. MCGRATH, P.C., NEIFELD, J.P. Surgery 
` 1985; 98: 135. 

Clinical pharmacological studies on the interac- 
tion between alpha-adrenoceptors and calcium 


antagonists. RED, L.J., PASANISI, F. et al. Journal of 
Cardiovascular Pharmacology 1985; 7: 8206 (Suppl). 

Does dopamine suppress stress-induced intestinal and 
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Editorial 


Adverse reactions to drugs and anaesthetists 


The Committee on Safety of Medicines (CSM) is a government organisation in the United Kingdom 
similar to that of the Federal Drug Administration in the United States of America: the remits of both 
of these organisations include the overall safety of drugs. The CSM has a system of reporting of adverse 
reactions to any drugs by any doctor; this is based on confidential reports known as yellow cards. 

Anaesthetists were the first specialty to receive a letter of warning from the CSM, based on yellow 
card reports. Dated 5 January 1974, this was titled ‘Jaundice following repeat exposure to halothane’. It 
concluded that, ‘The Committee recognise that widespread experience over many years has demon- 
strated the value of halothane as an anaesthetic. They have, however, encouraged the authors to publish 
their findings so that anaesthetists might be made aware of this additional evidence when assessing all 
the relative risks of the various anaesthetic agents in the clinical circumstances of each case.’ 

This warning letter was similar in its content to the report of Inman and Mushin published in the 
same week in the British Medical Journal.! This was primarily intended to guide anaesthetists in their 
choice of drugs for repeat anaesthetics, but subsequent correspondence to medical journals showed that 
it was not appreciated by the specialty, although a few anaesthetists clearly understood its message. In 
retrospect, one has to realise what a boon halothane had become to anaesthetists; it was easy to 
administer and allowed rapid change in depth of anaesthesia, trichloroethylene being the only widely 
used nonflammable alternative. There were some correspondents who saw this either as a form of 
dictatorship or who doubted the scientific value of the reports received. Clearly, many had not used 
this means of reporting adverse effects of drugs. 

It may have been a coincidence, or evidence of a lack of confidence between anaesthetists and the 
drug regulatory authorities, but the next (and to date the largest) report of side effects of drugs was 
a joint venture by an academic department and a pharmaceutical company.” This highlighted the 
anaphylactoid response to intravenous anaesthetics, something of which we have become very aware 
since the loss of Althesin and Epontol. Of the 100 adverse reports analysed, only 17 had been reported 
to the CSM. Even then it was clear that there was gross underreporting of adverse reactions to the COM 
by anaesthetists. 

Side effects of drugs is a topical issue and receives much attention by the media. The most outstanding 
example is what has been referred to as the ‘Opren scandal’: an alleged delay in the removal of a 
nonsteroidal anti-inflammatory drug from clinical use was blamed by some for deaths, particularly in 
the elderly. 

While side effects of anaesthetic drugs are frequently described in the anaesthetic journals, why is there 
this low reporting to the official channels? Anaesthetists, who actually give more drugs than any other 
physician, have some specific problems in reporting side effects, which do not apply to the same extent 
to other specialties, although they apply to those working in intensive therapy units or casualty 
departments. There can be difficulty in recognising an abnormal reaction and appreciating its sig- 
nificance. No other specialty sees as much hypotension or apnoea without alarm and to distinguish 
between the normal and abnormal is not always easy. There is the problem of motivation to report any 
incident—why bother?—it will make no difference! Others may leave this to the academics or to their 
juniors. A small minority may have problems of honesty in assessing the situation and resulting 
troublesome thoughts on possible medicolegal implications. However, they can be assured of the 
confidentiality of the reports sent to the CSM. 

More important are the logistic problems of completing the yellow cards. Many anaesthetists work 
single-handedly, some have multiple sites of work, with morning and afternoon sessions in different 
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hospitals or different theatres in the same hospital. The heavy work schedule of some does not allow 
time to complete records between cases, without disruption of the operating session. This contrasts with 
the more leisurely work schedule of most physicians or family practitioners, who contribute the majority 
of reports. These usually have ready access to secretarial help and most have offices, while there are 
anaesthetists who are fortunate even to have a locker. 

Nor are the existing yellow cards themselves free from problems. Firstly, there are the practical 
problems of where to store them, so as to be immediately available when required. Theatre sisters and 
hospital pharmacists could play a useful part here, but some do not appear to be willing to cooperate 
(or perhaps they have not had the problem explained properly). 

Finally, there is a pressing question: is the yellow card, as at present designed, suitable for use in an 
emergency? Most anaesthetists would agree that they need something more relevant to their situation, 
something specifically designed to meet the needs of an emergency situation. 

In presenting evidence to the CSM working party on Adverse Reactions, a joint Committee from the 
Association of Anaesthetists of Great Britain and Ireland and the Faculty of Anaesthetists of the Royal 
College of Surgeons stated ‘We ... feel that the present arrangements for reporting are not suitable for 
the acute situation such as exists in anaesthetic practice, obstetrics, intensive care and accident and 
emergency units (and possibly in the postoperative recovery rooms). In particular, the yellow Zorm is 
unsuitable for the appropriate recording of an acute incident’. This view was again expressed at the 
recent Linkman Conference at the Annual General Meeting, which was attended by both the Chairman 
and Secretary of the Committee on Safety of Medicines. Furthermore, the joint working party of the 
Association and Faculty is designing a card suitable for use by anaesthetists—whether this is acceptable 
to the CSM remains to be seen, 

Despite these problems, we have a duty to both our patients and the profession to improve reporting 
by anaesthetists. If anyone wants guidance as to what to report, this is clearly set out in the British 
National Formulary (pp. 25, 26 of current issue) ... report any suspected adverse drug reactions which 
are potentially dangerous, incapacitating or lethal: they should be reported even though the toxic effect 
is well recognised’. The BNF gives details of the available Freefone service and other useful information 
on reporting of side effects. 

In recent accreditation visits to hospitals, the author has questioned many anaesthetists, at all levels 
of seniority, on their attitude to the yellow cards and reporting drug side effects. The answers were very 
variable and showed no predictable pattern. Many juniors, particularly those who had recently worked 
in medical wards, were keen on reporting, but some had difficulty in getting cards when needed; others 
asked advice from their seniors (including Senior Registrars) most of whom were unhelpful. In only 
about one third of hospitals were there cards available in the operating theatres and/or secretaries’ office. 
In no instance was there any clear policy on reporting reactions, nor was there any routine reporting 
to the CSM of undesirable drug effects reported at ‘morbidity meetings’. The impression was one of 
apathy and doubts as to the value of the whole exercise. This is not a worthy attitude of a specialty 
which claims to know more about drugs than many clinical pharmacologists. If our suggestions on 
reporting etc., are not taken seriously by the CSM, could this be, at least in part, due to our poor track 
record in this field? 
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Editorial notices 


Submission of mannascripts 


Manuscripts must be submitted in accordance with the internationally recognised Uniform requirements for 
manuscripts submitted to biomedical journals (British Medical Journal 1979; 1: 532-5). Details will be found in the 
Notice to contributors to Anaesthesia at the end of this issue. 


News and Notices sections 


The first issue of each quarter will contain full News and Notices sections. 

Copy dates for these will be: 13 June 1986 for September 1986, 12 September 1986 for January 1987 and 12 
December 1986 for April 1987. 

Supplementary News and Notices sections will be published in other issues but they will contain only material 
which requires publication before the next full News and Notices section. 


Anaesthesia, 1986, Volume 41, 354-357 


Vecuronium induced neuromuscular blockade 


The effect of increasing dose on speed of onset 


W. R. CASSON and R. M. JONES 


Summary 

The speed of onset of neuromuscular blockade was measured for increasing doses of vecuroniura. Onset 
times were found to be shorter with larger doses, up to a limit of ED s, X 3 (0.15 mg/kg). Thereafter, 
increasing the dose, even up to EDgs X 8 (0.4 mg/kg), did not appreciably shorten the time to fuil neuro- 
muscular blockade. The clinical implications of, and pharmacokinetic basis for, these findings are 


discussed. 


Key words 


Neuromuscular relaxants, vecuronium. 


Vecuronium, even in large doses, has a low 
propensity to initiate histamine release and a 
lack of cardiovascular side effects.1 We have 
studied speed of onset of neuromuscular blockade 
using increasing doses of the drug. 


Methods 


After local ethics committee approval and with 
informed consent, we studied 25 ASA classes 
1 or 2 patients undergoing surgery which required 
muscle relaxation. No patient greater than 20 
percent above ideal body weight was included in 
the study. They were allocated to receive vecur- 
onium in a dose of EDs, (0.05 mg/kg), x2, x 3, 
x 4, or x 8 depending on the anticipated duration 
of surgery. 

Prior to induction of anaesthesia, the left 
arm was immobilised in a standardised manner 
using a splint, and the left thumb was attached 





to a miniature force transducer, in ozder to 
measure isometric contractions of the adductor 
pollicis? The strength of contraction was re- 
corded using a Devices pre-amplifier and two- 
channel chart recorder. A 23-gauge indwelling 
needle was inserted in a vein on the dorsum 
of the right hand and thiopentone in a dose 
20 percent greater than that required to abolish the 
eyelash reflex was administered and flushed in 
with norma! saline. Stimulation of the lef: ulnar 
nerve was by supramaximal 0.2 ms square wave 
impulses delivered in a train-of-four pattern at 
2 Hz for 2 s via surface electrodes at the wrist, 
repeated at 12-second intervals (Myotest). 
Immediately following a control train, vecu- 
ronium in the chosen dose was injected through 
the indwelling needle and flushed in with normal 
saline. The patients’ lungs were ventilated with 
50 percent nitrous oxide in oxygen, supplemented 
with 1 percent halothane and the trachea was in- 


W.R. Casson, FFARCS, Lecturer, R.M. Jones, FFARCS, Senior Lecturer, Department of Anaesthetics. The 
‘United Medical and Dental Schools of Guy’s and St Thomas’s Hospitals, London Bridge, London SE! 9ET. 
Correspondence should be addressed to Dr R.M. Jones please. 
The results of this study were reported to the Anaesthetic Research Society in Leicester in March 1985. 
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Table 1. Age, weight and sex characteristics 


Vecuronium dose (mg/kg) 





0.05 
(ED,; X) a) 
n 5 
Male 0 
Female 5 


0.10 O15 020 0.40 
(2) 6) 4) (8) 


5 5 5 5 
3 3 2 4 
2 2 3 I 


Mean, age, years, (SD) 37(14) 34(14) 44(25) 47(14) 48 (25) 


Mean weight, kg (SD) 69 (7) 


tubated 3 minutes after injection of the relaxant 
or when there was no recordable first twitch. Ven- 
tilation was via a Bain co-axial breathing system 
with a fresh gas flow designed to maintain normo- 
carbia. After intubation, the concentration of 
halothane was reduced to 0.5 percent and that of 
nitrous oxide increased to 66 percent. 

The time from vecuronium injection to the 
first depression of the response of the first twitch 
(T1) to ulnar nerve stimulation (latent onset 
time) and the time from then to depression of 
T1 to 5 percent or less of control (manifest onset 
time) were recorded. Total onset time was derived 
by addition of latent and manifest onset times. 


Results 


Data are expressed as mean (SD) where applic- 
able. The age, weight and sex characteristics 
are shown in Table 1. The groups who received 
the larger doses tended to be older because 
these patients underwent lengthy surgery and 
were therefore deemed suitable to receive a size- 
able bolus of relaxant at induction. 

Latent onset times are shown in Table 2. 
Manifest onset times are shown in Table 3. 
Total onset times are plotted in Fig. 1. In- 
creasing the dose of vecuronium, up to ED,; x 3 
(0.15 mg/kg), was associated with a statistically 
significant (Students’ t-test) decrease in total 
onset times; larger doses than this were not 
associated with any appreciable increase in the 
speed of onset. The reduction in onset time 
was achieved by reductions in both latent and 
manifest components. 


Discussion 


The disadvantages of suxamethonium, particu- 
larly its influence on cardiac rate and rhythm 
as well as intra-ocular and intragastric pressures, 


72 (15) 68 (13) 69 (9) 


61 (11) 


Table 2. Latent onset times of neuromuscular blockade 
with increasing doses of vecuronium 





Time 
n seconds, (SD) 
Dose (mg/kg) 

0.05 5 82 (4.5) 
0.10 5 74 (19.0) 
0.15 5 53 (21.0) 
0.20 5 44 (14.0) 
0.40 5 43 (11.0) 


Table 3. Manifest onset times of neuromuscular 
blockade with increasing doses of vecuronium 


Time 
n seconds (SD) 
Dose (mg/kg) 
0.05 5 109 (28.0) 
0.10 5 85 (27.0) 
0.15 5 46 (7.0) 
0.20 5 51 (20.0) 
0.40 5 44 (15.0) 


have led to the search for an alternative drug 
or technique to provide rapid neuromuscular 
blockade. The attainment of swift muscle relaxa- 
tion is particularly important during the rapid 
sequence induction of anaesthesia in the patient 
with a full stomach. An ideal solution to this 
problem would be a nondepolarising relaxant 
with an onset time similar to that of suxa- 
methonium. However, when given in standard 
clinical doses, competitive relaxants do not have 
sufficiently short onset times. 

One approach to the acceleration of neuro- 
muscular blockade has been to ‘prime’ patients 
with a small dose of nondepolarising relaxant 
prior to injection of the main dose.* However, 
using this technique, some patients have ex- 
perienced significant subjective weakness necessi- 
tating early induction of anaesthesia.* The intro- 
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Fig. 1. Total onset times of neuromuscular blockade. 


duction of vecuronium, with its low propensity 
to initiate histamine release and lack of cardio- 
vascular side effects,’ has raised the possibility 
of using very large doses in an attempt to 
accelerate the onset of action. The shorter dura- 
tion of action of this agent, compared to other 
nondepolarising relaxants, is also a useful 
property if very large doses are to be adminis- 
tered during the induction sequence, in order 
to minimise the onset time. 

Onset of neuromuscular blockade is a complex 
interaction of pharmacokinetic and pharmaco- 
dynamic factors.>-®. Intravenous injection leads 
to the rapid attainment of peak plasma levels, 
which then decline exponentially as redistribution 
` occurs (alpha phase); it is during this period 
that the onset of drug action occurs. The magni- 
tude of the lag between peak plasma levels and 
initial drug effect depends on a number of vari- 
ables. On the assumption that drug diffusion 
and receptor occupancy are instantaneous, the 
most important of these factors are muscle blood 
flow and the blaod-tissue partition coefficient.” 


With higher drug dosages, both the initially 
more rapid decline in plasma levels and sigmoid 
relation of these levels to drug effect, might 
lead one to anticipate a plateau effect, whereby 
increasing the dose above a certain level would 
lead to only a marginal increase in speed of 
onset. This study has conclusively demonstrated 
that this limit does indeed occur for vecu- 
ronium at a dose of 0.15 mg/kg (EDs: x 3). 
Both latent and manifest onset times depend 
on the complex relationship between plasma 
level and drug effect. It appears that a reduc- 
tion in both these components contributes to 
the reduction in total onset time as the dose 
is increased to EDg, X 3. 

Clearance of vecuronium from the plasma 
depends on both redistribution and elimination. 
The latter is mainly via hepatic uptake and 
biliary excretion, although 20-30 percent is ex- 
creted in the urine and 5 percent is metabolised 
to 3+-OH vecuronium.® With increasing dose, 
elimination becomes the principal mechanism 
terminating drug effect as the volume of distri- 
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bution becomes saturated. Therefore, not only 
does it serve no purpose, in terms of onset 
time, and time to intubation, to use a dose 
greater than ED,, x 3, but this may lead to 
greatly prolonged neuromuscular blockade. Our 
anticipation of this problem led us to administer 
the largest doses of vecuronium only to those 
patients who were to undergo prolonged pro- 


- cedures, or who were to be electively ventilated 


postoperatively. 

Suxamethonium provides good conditions for 
tracheal intubation within 60 seconds of intra- 
venous administration.® It is well known that 
complete loss of muscle twitch in adductor pollicis 
may precede complete loss of muscle power 
in the diaphragm and the musculature of the 
pharynx and larynx. Therefore, if intu- 
bation were to be attempted after our minimum 
mean total onset time of 87 seconds, there could 
be no guarantee that the conditions would be 
as favourable as after suxamethonium ad- 
ministration. 

In conclusion, we have demonstrated that the 
onset of vecuronium-induced neuromuscular 
blockade is hastened by administering an in- 
creasing dose of the drug, up to 0.15 mg/kg 
(ED,; x 3). Doses in excess of this do not ap- 
preciably shorten onset time. This reduction with 
increasing dose is due to a reduction in both 
the latent and the manifest components of total 
onset time. Although this study was not designed 
to compare intubating conditions, our results 
suggest that even using the optimal dose for 
rapid onset, vecuronium does not provide intu- 
bating conditions comparable to those following 
suxamethonium 60 seconds after administration. 
However, similar conditions should prevail 


between 90 and 120 seconds after the adminis- ` 


tration of an ED,, x 3 dose of vecuronium, 
and this may be considered as an alternative 
to suxamethonium if the latter drug is specifically 
contraindicated. 
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A pre-induction test dose for suxamethonium 


J. CARNIE 


Sommary 


A two-part experimental and clinical study was conducted to determine the effects of administracion of a 
pre-induction dose of suxamethonium, and to see whether the symptoms produced could form the basis of 
a test dose, to determine sensitivity to suxamethonium prior to administration of a full intubation dose. 
Suxamethonium was shown to produce distinctive clinical features characterised by signs of both extra- 
ocular muscle contraction and paresis, manifest by symptoms of eye and eyelid heaviness without general- 
ised paresis. The dose response was determined in individuals with normal plasma cholinesterase, to a test 
dose of suxamethonium chloride of between 20 and 1 ug/kg. Individuals with abnormal plasma cholinesterase 
were shown to exhibit sensitivity to these low doses and were easily distinguished from those with normal 
enzyme. 

A protocol is suggested which can conveniently establish, prior to induction, those individuals with a 


reduced ability to hydrolyse suxamethonium. 


Key words 


Neuromuscular relaxants; suxamethonium. 


Prolonged paralysis is a well recognised problem 
associated with the use of suxamethonium. This 
is attributable to markedly reduced hydrolysis by 
plasma cholinesterase.! The initial neuro- 
muscular effects of suxamethonium do not differ 
in individuals with abnormal cholinesterase and 
the duration of its action is dose related.? 
Laboratory estimation of plasma cholin- 
esterase and genotyping is not performed as a 
routine, is not available in many hospitals and 
would be impractical in many emergency 
situations. Non-depolarising muscle relaxants do 
not present the same genetically determined 
problem,? but test doses have been sug- 
gested to determine individual sensitivity. The 
special sensitivity of the extra-ocular muscles 


was the basis of this test. Suxamethonium ad- 
ministration results in a profound systemic 
paralysis of rapid onset, associated with an initial 
widespread depolarisation manifest as muscle 
fasciculations.5 Suxamethonium is also known to 
have a paretic and relaxant effect on the two 
muscle fibre types found in the extra-ocular 
muscles.° 

The effects of small doses of suxamethenium 
given prior to induction of anaesthesia to deter- 
mine an individual’s sensitivity have not pre- 
viously been investigated. The nature and effects 
of a test dose of suxamethonium were therefore 
investigated in volunteers and under cEnical 
circumstances. 


J. Carnie, FFARCS, Consultant Anaesthetist, Department of Anaesthetics, East Birmingham Hospital, Bordesley 


Green East, Birmingham. 
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Method 


Ethical Committee permission was obtained for 
the volunteer and clinical study. 

Twelve informed and consenting volunteers 
(anaesthetists) were given intravenous doses of 
suxamethonium of 20, 10, 5, 2, and 1 ug/kg. A 
skilled orthoptist measured changes in oculo- 
motor tone using the standard, hand-held, optical 
device known as the Maddox Wing. Clinical tests 
of accommodation and visual acuity were 
also performed. The volunteers reported the 
symptoms they experienced after injection. They 
were positioned supine and semi-erect, with con- 
tinuous monitoring of heart rate. 

A group of 168 patients who were to receive 
suxamethonium | mg/kg in the course of routine 
anaesthesia for a wide variety of surgical pro- 
cedures formed the clinical group. They also were 
given a pre-induction dose of suxamethonium, 
either 20, 10, 5, or 2 pg/kg. Those who had no 
documented record of prior uneventful ad- 
ministration of suxamethonium were given an 
initial 1 ug/kg dose. This group of patients were 
asked to report the occurrence of any symptoms 
they experienced and, only if this was negative, 
were they asked any direct questions. They were 
positioned supine and were given the test drug via 
an indwelling venous cannula. Heart rate was 
monitored throughout. At 1 and 2 minutes after 
the injection of the drug, they were asked to 
perform a sustained head lift. 

The duration of action of the intubation dose 
of suxamethonium (1 mg/kg) was followed by 
train-of-four stimulation of the ulnar nerve at the 
wrist, as well as observation of the return of the 
resultant thumb adduction. All of the volunteers 
and those patients with a prolonged response to 
the intubation dose of suxamethonium had 
cholinesterase estimation and genotyping per- 
formed on blood taken after completion of their 
clinical observations. 


Results 


After administration of the 20 ng/kg dose, ten of 
the 12 volunteers reported the onset of a sensation 
of heaviness localised to the eyes and eyelids, 
together with the sensation of an initial in- 
voluntary movement of the eyes. Six of these 
subjects experienced a transient blurring of 
vision, although no formal defect of accom- 
modation or visual acuity could be demonstrated. 


Table 1. Test solution preparation 





mg suxamethonium ml injectate 
added to 500 ml given per 10 kg 
ugjkg normal saline body weight 
20 500 0.2 
10 250 0.2 
5 125 0.2 
2 50 0.2 
1 25 0.2 
1000 Standard preparation 0.2 
50 mg/ml (Duncan 
Flockhart) 
Table 2. Ocular test group details 
Mean (range) 
Age (years) 31.0 (25-40) 
Weight (kg) 78.8 (60-98) 
Sex 12M OF 
Table 3, Clinical study group details 
Mean (Range) 
Age (years) 37.1 (16- 80) 
Body weight (kg) 62.0 (32-102) 
Sex 129 F 39 M 
Table 4. Maddox Wing test details 
Subjects genotype E, . E 
n=10 . mean (SD) 
Time of maximum 58.6 (28.0) 
defect (seconds) 
n=9 
Duration dioptre 96.6 (25.0) 
changes (seconds) 
n=9 
Duration of 154.0 (25.0) 
ocular symptoms 
{seconds) 
n=8 


Table $. Incidence of ocular symptoms and measured 
defects following suxamethonium 





ve/kg a Symptoms Maddox Wing changes 
20 12 10 li 
10 10 6 5 

5 -0 3 2 

2 10 1 0 

1 10 0 0 


All subjects had a full range of ocular movement, 
but it was described as sluggish. The majority 
reportec that a voluntary effort was required to 
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Fig. 1. Measured Maddox Wing horizontal plane 

readings, given as change from control values, at the 20 

ug/kg suxamethonium dose. (@), Convergent response; 


(O), divergent response; (x), heterozygote. 
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maintain their eyes fully open. No enophthalmos 
was Clinically observed. 

Eleven subjects had changes in the Maddox 
Wing readings. Divergence occurred in seven 
subjects with an initial normal Maddox Wing 
reading. Convergence occurred in four who 
showed an initial moderate exophoria. In all 
subjects, movement was confined to the horizon- 
tal plane. Table 4 details the Maddox Wing 
changes in subjects who were subsequently shown 
to have normal plasma cholinesterase. Figure | 
details the dioptre changes measured by the 
Maddox Wing test for the 11 subjects who ex- 
perienced changes from their control readings. 

Two individuals demonstrated marked sen- 
sitivity at the 20-ug test dose. They reported 
persistent sensations of ocular heaviness (210 
seconds, 270 seconds) and longer durations of 
abnormal Maddox Wing readings (180 seconds, 
240 seconds). An exaggerated dioptre change was 
not noted in either individual. One was later 
shown to have the genotype Ef, E}, and the other 
EX, Ef. 

Repeated administration of 10, 5, 2, 1 pg/kg 
doses was carried out to determine the sympto- 
matic responses at these dosage levels. Table 5 
details the incidence of reported ocular 
symptoms. The two individuals who were 
asymptomatic at the highest test dosage were not 
tested further. 


At the 5-ug dose of suxamethonium, it was 
noted that the symptoms and measured ocular 
changes were similar to those reported at the 
highest test dose only in the two heterozygotes. At 
this dosage, one individual with normal enzyme 
reported the sensation of minimal and indistinct 
heaviness of a short duration. One of the heter- 
ozygotes reported symptoms of a barely 
discernible sensation of heaviness at the 2-ug dose, 
but no ocular defect could be demonstrated with 
repeated testing. The 168 patients who consented 
to the administration of a test dose of suxa- 
methonium were given one of the four test 
dosages, with 122 patients receiving an initial 
1 pg/kg. At this dose everyone remained 
asymptomatic, including three individuals who 
were subsequently shown to be heterozygotes for 
abnormal cholinesterase. 

Four groups were chosen to establish dose 
responses to suxamethonium. The largest group 
of 75 individuals established the distinctive nature 
of the ocular symptoms, and showed the ease with 
which symptoms were reported by the test sub- 
jects. As in the experimental study, identical 
symptoms of heaviness of the eyes were reported, 
of the same distinctive nature as in the volunteer 
study, i.e. symptoms of heaviness of the eyelids 
and eyes, with sluggish eye movement. A minority 
reported slight transient blurring of vision and 
sensations of pressure on the globes. 
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Table 6. Details of individuals with normal durazion of paralysis 
after suxamethonium chloride | mg/kg 





Duration Duration of 
Pre-induction Ocular symptoms full paralysis 
suxamethonium symptoms mean (SD) mean (SD) 
Haske n reported (minutes) (minutes) 
20 74 70(95%) 2.2 (0.4) 4.7 (1.5) 
10 30 15(50%) 1.70.3) ` 4.1 (1.5) 
5 30 4(13%) 1.5(1.5) 3.8 (1.4) 
2 30 0(0%) — — 4.5 (1.6) 


Table 7. Details of individuals with abnormal duration of paralysis 
after suxamethonium chloride | mg/kg 
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Duration 

Pre-induction ocular Duration of 
suxamethonium, symptoms full paralysis Enzyme 
ug/kg n (minutes) (minutes) genotype 
20 l 6 14 E E 
10 I 4 12.5 EE 
5 I 3 15 E E 
2 I 0 10 E E 


At the largest test dose, bilateral ptosis was 
frequently observed. Symptoms were freely 
reported and the majority did not require direct 
questioning to elicit symptoms. Onset and ces- 
sation of the ocular symptoms appeared well 
defined by all patients. No discomfort or un- 
toward effects were observed or reported. Three 
individuals reported prolonged ocular symptoms 
and were subsequently shown to be heterozygotes 
for atypical cholinesterase. The individuals with 
a normal response after intubation with the 
drug reported indistinct and transient ocular 
symptoms at the S-ug dosage, in contrast to 
the heterozygote who reported symptoms similar 
to the distinctive features seen with the highest 
dosage. All the 30 patients given 2 pg/kg of 
suxamethonium remained asymptomatic; one of 
these was observed to have a prolonged complete 
paralysis period after her intubation dose. She 
was shown to be a heterozygote for abnormal 
cholinesterase. Table 6 details the incidence and 
characteristics of the test doses in individuals with 
a normal response to suxamethonium, as in- 
dicated by a duration of full paralysis not 
exceeding 10 minutes. Table 7 details the four 
individuals found to be heterozygote for atypical 
cholinesterase. At all of the test doses given, of 
20, 10 and 5 yug/kg, no individual who was 
asymptomatic, or who reported symptoms for 


less than 3 minutes, had a paralysis for longer 
than 10 minutes after 1 mg/kg of the drug, other 
than the heterozygote in the group given the 5-yg 
dosage. 

Premedication with temazepam 20 mg, 1-2 
hours pre-operatively was found not to inter- 
fere with tae reporting of ocular symptoms, since 
there was a similar incidence of reported 
symptoms from the 33 unpremedicated and the 
135 premedicated patients. 

Full unsupported head control was maintained 
in all subjects and no symptoms attributable to 
any generalised paretic effect were reported. No 
significani changes in heart rate or rhythm 
occurred with the test dose or the subsequent 
intubation dosage. 


Discussion 
Suxamethonium administered in a dose of 
20 ug/kg to individuals with a normal response 
to an intubation dose of 1 mg/kg produces clear 
and distinctive ocular symptoms without 
systemic paresis. These symptoms are also 
produced at the reduced dosage of 5 ug/kg in 
individuals heterozygous for abnormal plasma 
cholinesterase. A minority of normal individuals 
remained asymptomatic at the largest test dose; 
this is attributable to circulatory delay’? with 
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complete metabolism or possibly to the presence 
of the C5 variant associated with rapid hydrolysis 
of suxamethonium.® 

The symptoms associated with the test dose are 
due to the net contraction of the multiply in- 
nervated extra-ocular muscle fibres, combined 
with relaxation of the singly innervated muscle 
fibres. This produces movement of the eye to- 
wards the muscle with the greatest reduction in 
length. These ocular effects occur together with a 
change in oculomotor tone which is considerably 
less than the dipotre change noted after small pre- 
curarising doses of non-depolarising muscle 
relaxants. The symptoms produced by sux- 
amethonium are as distinctive, but differ as a 
result of their rapidity of onset, active contraction 
component and short duration. 

In this study, individuals with normal enzyme 
exhibited clear symptoms at one fiftieth of the 
intubation dose of suxamethonium employed, 
whereas heterozygote individuals only required 
one two-hundredth of this intubation dose. 
Homozygotes have been shown to be paralysed 
for periods of 10-30 minutes by doses of 
suxamethonium of 1-10 mg.°~!! As these in- 
dividuals would metabolise none of an injected 
dose of suxamethonium, the 2 ug/kg dose would 
form a suitable test concentration to administer 
initially, to determine an individual’s sensitivity 
to suxamethonium. This solution would not 
cause any symptoms in the majority of patients 
and could then be given at 2.5 times its initial 
volume (equal to 5 yg/kg) to determine whether 
an individual responded as a heterozygote for 
atypical cholinesterase. 

The incidence (1:41) ofheterozygote individuals 
found in the population of this study is in close 
agreement with that of another British study;!? 
both studies chose duration of action as the 
important measure of suxamethonium sen- 
sitivity. The true incidence of the heterozygote 
genotype,! at 1:28, does not allow for the overlap 
between the activities found in normal individuals 
and heterozygotes.!3 

Chairside dentistry and _ electroconvulsive 
therapy are often performed in circumstances 
where delayed onset of spontaneous respiration 
after suxamethonium administration are par- 


ticularly unsuited to coping with prolonged 
ventilation. This test could be used to particular 
advantage in these circumstances. By adopting 
this test procedure, an anaesthetist can, within a 
few minutes, pre-operatively determine an 
individual’s ability to metabolise suxametho- 
nium and would therefore be able to modify his 
choice of relaxant and thus prevent any major 
problems associated with the use of this agent. 
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An investigation of factors affecting postoperative rewarming 
of adult patients 


F. CARLI, M. GABRIELCZYK, MARGARET M. CLARK anD V. R. ABER 


Summary 


Aural canal temperature was measured for one hour after arrival in the recovery room in 200 adult patients 
who underwent one of the following types of major surgery: abdominal, pelvic, vascular, orthopaedic 
or prostatic. One group of 100 patients was studied in the recovery room of Hammersmith Hospital 
which was not equipped with a controlled system for constant ventilation and humidification, while the other 
100 patients were studied in the reçovery room of Edgware General Hospital, which had a constant 
ambient temperature and controlled relative humidity with 20 air changes/hour. The rate of rewarming was 
found to be similar in both groups. Within the range of ambient temperatures and relative humidities 
measured, patients over 60 years of age rewarmed more slowly than did patients under 60 years (p< 0.05). 
General anaesthesia was associated with significantly faster rewarming than was local anaesthesia 
(p<0.01). 


Key words 


Temperature; body, monitoring. 
Hypothermia; postoperative. 


Low environmental temperature, cold intra- 
venous fluids, ventilation of the lungs with cold 
gases, exposure of body cavities, absence of 
muscle movements and drug induced vasodilata- 
tion all contribute to heat loss during anaesthesia. 
As a result, patients often arrive in recovery 
rooms with a low body temperature. During the 
early postoperative period, hypoxia can occur as 
a result of increased metabolic rate and oxygen 
demand,’ so cooling and shivering should be 
prevented if possible. In homeotherms, heat con- 
servation is usually very effective? and a 
thermoneutral environment? might play an 


important role in conserving body heat. Two 
groups of patients were therefore investigated 
during the rewarming period after surgery in two 
dissimilar recovery rooms, one with a controlled 
ambient temperature and humidity, the other 
without. In addition, other factors which may 
have contributed to the rate of rewarming were 
examined. 


Methods 


Two hundred patients admitted to the recovery 
rooms were studied, during the period from 


F. Carli, FFARCS, Senior Registrar, Department of Anaesthetics, Royal Postgraduate Medical School, Hammer- 
smith Hospital, Du Cane Road, London W12 OHS, M. Gabrielczyk, FFARCS, Registrar, Margaret M. Clark, 
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MSc, DIC, Senior Scientist, Department of Medical Physics, Royal Postgraduate Medical School, Hammersmith 
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January to May. One hundred patients were 
studied in Hammersmith Hospital and the re- 
mainder at Edgware General Hospital. The 
patients had undergone either intra-abdominal, 
pelvic, orthopaedic, peripheral vascular or 
prostatic surgery. Patients who were grossly 
obese or who had endocrine abnormalities or a 
pyrexia were not included. Informed consent was 
obtained in each case. 

Premedication was with either papaveretum 
and hyoscine or pethidine and promethazine by 
intramuscular injection 90 minutes, before 
surgery. General anaesthesia was induced with 
thiopentone and neuromuscular blockade estab- 
lished with either pancuronium or alcuronium. 
The lungs were ventilated to normocapnia with a 
mixture of nitrous oxide in oxygen, supplemented 
with either halothane, enflurane, fentanyl or 
phenoperidine. Local anaesthesia, when used, 
consisted of either lumbar subarachnoid or 
epidural block using either cinchocaine or 
bupivacaine; sedation was provided with an 
intravenous benzodiazepine. The height of the 
block was assessed by pin prick and recorded, 
aiming to establish anaesthesia to the level of the 
llth thoracic dermatome. 

The group of patients who underwent tran- 
surethral prostatic surgery at Edgware General 
Hospital had their bladder irrigated during and 
after the procedure with solutions warmed to 
37.0°C. In Hammersmith Hospital, the solutions 
used were at room temperature. All intravenous 
fluids, except blood, were infused at room 
temperature and no active warming devices were 
used during surgery. 

A thermocouple probe was inserted in the aural 
canal after induction of anaesthesia and tem- 
perature measurements were taken to estimate 
body core temperature before surgery, on admis- 
sion to the recovery room and subsequently every 
15 minutes for the first hour following surgery. 
All the probes and the thermometer were 
manufactured by Comark Electronics and were 
calibrated against a National Physical Lab- 
oratory mercury-in-glass total immersion ther- 
mometer in a stirred water bath. They were 
accurate to 0.05°C over the temperature range 
studied. The presence or absence of shivering was 
assessed by two of the authors (F. C. and M.G.). 

The percentage of body fat in each patient in 
the Hammersmith Hospital group was deter- 
mined by measuring skinfold thicknesses.* 


Recovery rooms. Environmental characteristics 


The main recovery room at the Hammersmith 
Hospital is a large area with four windows and 
seven radiators. It is not equipped with a con- 
trolled ventilation system and the daily ambient 
temperature and relative humidity therefore 
fluctuates according to the external environment. 
The air speed varies considerably as a result of 
draughts from the nearby operating theatres, 
stairs and lifts. The recovery room at Edgware 
General Hospital is part of the operating theatre 
suite and has a computerised system with con- 
trolled ventilation and humidification using 20 air 
changes/hour throughout the year. The five 
windows are sealed and the four radiators are 
only used in severely cold weather. 

In the recovery rooms, ambient temperature 
was measured with a mercury-in-glass ther- 
mometer, relative humidity with a hair hygro- 
meter (Negretti and Zambra) and air speed with 
a vane anemometer (Negretti and Zambra). All 
patients admitted to the recovery rooms were 
covered with one sheet and one blanket. The 
minimum stay in the recovery room was one 
hour, during which the body temperature was 
measured. Patients were transferred to the ward 
by the recovery room nurse, regardless of their 
body temperature measurements. 

Statistical analysis. For each patient, the re- 
warming rate was calculated as the slope of the 
regression line of body core temperature on time 
(0, 15, 30, 45 and 60 minutes). This value was used 
as the dependent variable in the stepwise multiple 
regression analysis which determined the factors 
which were independently correlated with re- 
warming. Comparisons between two samples 
were done either by the two sample t-test, where 
distributions could be assumed to be approxi- 
mately normal, or by the Mann-Whitney test, 
when the data were ordinal, or the Chi squared 
test for nominal data. 


Results 


The demographic details of the patients, the 
duration of surgery and the type of anaesthesia 
are shown in Table 1. 

The two recovery rooms were significantly 
different in respect of ambient temperature and 
relative humidity. (Table 2) The air speed at 
Hammersmith Hospital was too unstable to be 
measured, while at Edgware General Hospital it 
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Table 1. Mean (range) group character-stics 





Hammersmith 

Hospital 

(n = 100) 

M = 46; F=54 
Age (years) 57 (17-99) 
Body weight (kg) 66.4 (37-100) 
Height (cm) 167 (148-184) 
Body fat (%) 32.6 (12-46) 
Duration of surgery (minutes) 103 (74-217) 
Type of anaesthesia: General 79 

Local 21 


Edgware General 


Hospital 
(n = 100) 
M = 51; F=49 


61 (19-92) 
66.3 (43-98) 
170 (155-185) 
Not measured 
121 (69-246) 
85 

15 


Table 2. Mean (range) recovery room environmertal characteristics at 


respective hospitals 





Hammersmith 
Hospital 
Recovery room temperature (°C) 22.4* (19-26) 
Recovery room relative 
humidity (%) 47* (30-80) 
*p<0.01. 


Edgware General 


Hospital 
22.9 (21-24) 


55 (46-75) 


Table 3. Pre- and postoperative body temperatures and rate of rewarming of 
the respective groups. Mean (range) 


Body temperature (°C): 
Before surgery 
At admission to recovery 


At discharge from recovery 


Rate of rewarming 


CC/hour) 


Hammersmith 
Hospital 


36.5 (35.3-37.6) 
35.2 (32.8-36.T 
35.6 (33.5-37.2: 


0.52 (0.4-2.4) 


Edgware 
General 
Hospital 


36.2 (35.0-37.0) 
35.4 (33.5-36.6) 
35.9 (33.8-37.2) 


0.56 (0.4-2.0) 


Table 4. Admission and discharge body temperature for different operative procedures in the respective group 


Type of surgery 


Mean (range) 


Hammersmith Hospital 


Admission body 
n temperature (°C) 


Edgware General Hospital 





Discharge body 
temperature (°C) a 





Intra-abdominal 

Pelvic 

Vascular or 
orthopaedic 

Transurethral 
prostatic 


was constant at a value of 0.24 m/second. 
Despite this, no difference was found between the 
body core temperatures of the two groups on 
recovery, admission or discharge from recovery 


41 35.2 (32.8-36.7) 
23 35.3 (34.0-36.7) 


16 35.1 (34.0-36.2) 


20 = 35.2 (33.8-36.0) 


35.8 (33.5-37.2) 43 
35.9 (33.9-37.1) Zl 


35.4 (34.0-36.5) 13 


35.3 (33.5-36.2) 23 


rooms. The rate of rewarming was similar in both” ¢,covery-e1 


groups (Table 3). The results associated 


ith 
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Admission body 
temperature (°C) 


35.2 (33.5-36.6) 
35.7 (34.7-36.5) 


35.3 (34.2-36.2) 


35.2 (34.4-36.1) 


Discharge body 
temperature (°C) 


35.8 (33.8-37.0) 
36.4 (34.8-37.2) 


35.9 (35.1-36.9) 


35.5 (34.2-36.7) 


different operative procedures are summarised i 
Table 4. No statistically significant difference we 
found between the two hospitals in the body cor 
. temperatures measured on admission to the r 


ms and prior to transfer to pos 





operative, rds for different types of surgery. 
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Multiple regression analysis showed that age of 
the patient and type of anaesthesia were the most 
important factors affecting body temperature 
changes in the recovery room. The rate of re- 
warming following general anaesthesia was sig- 
nificantly different for patients under 60 years of 
age compared to those over 60 years (p<0.05, 
Fig. 1). In elderly patients, rewarming after local 
anaesthesia was significantly slower than in those 
who had general anaesthesia (p< 0.01, Fig. 2). A 
similar rewarming pattern in the two age groups 


n=40 
n=52 


See rere 


Temperature (°C) 





Time (minutes) 


Fig. 1. Postoperative rate of rewarming of patients in 

two age groups who received general anaesthesia in the 

respective hospitals. ——-, Hammersmith Hospital; 

——-, Edgware General Hospital; @, >60 years; O, 
<60 years. 


Temperature (°C) 





Time (minutes) 


Fig. 2. Postoperative rate of rewarming of patients over 

60 years of age who had general or local anaesthesia in 

the respective hospitals. ——-, Hammersmith Hospital; 

——, Edgware General Hospital; @, local anaesthesia; 
O, general anaesthesia. 





37.0 
S 365 
5 36.0 
T 
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E ney 
35.0 eg en @ hd C 
EER Ecce Det) Weenies EE Sa 
Pre-op. O 5 30 45 60 


Time (minutes) 


Fig. 3. Postoperative rate of rewarming of patients 

under 60 and over 60 years of age who received local 

anaesthesia at the Hammersmith Hospital. @, 
> 60 years; O, <60 years. 
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Temperature (°C) 





Time (minutes) 


Fig. 4. Postoperative rate of rewarming of patients over 

60 years of age who underwent transuretheral prostatic 

surgery, either under general or local anaesthesia in the 

respective hospitals. ——, Hammersmith Hospital; 

——, Edgware General Hospital; @, local anaesthesia; 
O, general anaesthesia. 


following local anaesthesia was found at 
Hammersmith Hospital (Fig. 3). Because of the 
small number of patients under 60 years of age 
receiving local anaesthesia, statistical significance 
could not be demonstrated. No patient under 60 
years received local anaesthesia at Edgware 
General Hospital. Rewarming in elderly patients 
following prostatic surgery took place faster if 
they had general anaesthesia than if local anaes- 
thesia had been administered; the values obtained 
were slightly higher at Edgware General Hospital 
(Fig. 4). No correlation was found between the 
rate of rewarming and either the length of surgery 
or percentage of body fat. 

The incidence of shivering following general 
anaesthesia was 27 percent at Hammersmith 
Hospital and 25 percent at Edgware General 
Hospital, while that following local anaesthesia 
was 10 percent and 13 percent respectively. 
This difference was not statistically significant 
for either hospital. In patients under 60 years 
of age, the rewarming rate following general 
anaesthesia correlated with shivering, but did not 
do so in patients over 60 years. 


Discussion 


The results showed that the rate of rewarming in 
the recovery room during the first hour after 
surgery seemed unaffected by environmental 
characteristics. Whether this was controlled or 
not, the patients studied left the recovery rooms 
after one hour with body temperatures lower than 
their pre-operative values. 

It is widely recognised that patients lose heat 
during surgery and are therefore hypothermic on 
arrival in the recovery room.> During recovery 


Big 


kata 


from anaesthesia, physiological mechanisms for 
maintaining body heat balance are re- 
established. Although it is generally agreed that 
moderate hypothermia of brief duration is well 
tolerated by man, hypothermia may represent a 
significant clinical risk during the early post- 
operative period. The high metabolic rate during 
rewarming increases tissue oxygen demand by as 
much as 400-500 percent, which could be 
detrimental when cardiopulmonary reserve is im- 
paired, especially in the elderly.” This results in 
increased cellular metabolism with lactic acid 
production. It has also been shown that increased 
protein degradation occurred postoperatively in 
elderly patients after major abdominal surgery, 
when no measures were taken to prevent peri- 
operative and postoperative heat loss.*-? 

Extensive studies have looked at environ- 
mental conditions in operating theatres and their 
effects on the body temperatures of surgical 
patients.'° The majority of recovery rooms, being 
part of an operating theatre suite, have an average 
ambient temperature of 21°C and a relative 
humidity of 55 percent. The technical design data 
laid down by the Department of Health and Social 
Security in 19761! recommended an ambient 
temperature of 18°C for recovery rooms, but did 
not specify the relative humidity. The environ- 
ment plays an important part in the thermal 
comfort of a surgical patient and depends on four 
variables: air temperature, relative humidity, air 
velocity and clothing resistance.* Several workers 
suggested that in order to provide adequate 
thermal comfort to a subject during sedentary 
activity, whose covering is a cotton blanket, the 
environment must have an ambient temperature 
of 25°C, relative humidity of 40 percent and an air 
speed of 0.05 m/second.!? 

Core temperature was measured by an 
auditory canal probe, chosen because it was well 
tolerated by the patient during the postoperative 
period. It was easily inserted and did not cause 
trauma as might happen with a tympanic mem- 
brane probe.!3 Provided care is taken at insertion 
to avoid draughts which might affect the read- 
ing, aural temperature correlates well with 
oesophageal temperature, as shown previously. !* 
In addition, aural temperature is more reliable 
than shell cutaneous temperature, is non-invasive 
and is claimed to be a valid indicator of core 
temperature.1*:!© We did not measure mean skin 
temperature as this required the application of at 
least four probes at different sites on the body. 
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Holdcroft anc Hall!7 showed the importance of 
measuring core and mean skin temperature to 
explain the redistribution of heat occurring with 
different anaesthetic techniques. However, 
during the recovery period, the changes in both 
mean skin and core temperature reported by these 
authors following epidural and different types of 
general anaesthesia, were similar and comparable 
to those of the present study.18 

When we consider the effect of age on the rate 
of postoperative rewarming, patients over 
60 years of age receiving general anaesthesia 
showed a slower change compared with those 
under 60 years, and were discharged from the 
recovery room with an average body temperature 
of 35.5°C, @.8°C lower than the pre-operative 
values. Although metabolism decreases with 
age,1® Fanger'? showed that elderly patients 
prefer the same thermal environment as young 
people. It is therefore the time taken to rewarm 
which is different in the two age groups and this 
could be ascribed to a reduced capacity in the 
elderly to raise their metabolic rate and a 
decreased pattern of vasomotor response to 
cold.?° 

The anaesthetic technique was the other 
significant factor which was found to influence 
rewarming in the recovery room. In the current 
study, the rate at which patients rewarmed 
following epidural or subarachnoid anaesthesia 
was significantly slower than that observed with 
general anaesthesia; these results were similar to 
those reported by Vaughan et al.?! and Holdcroft 
et al.1® It was interesting to find that patients over 
60 and under 60 years of age had the same pattern 
of rewarming following local anaesthesia (Fig. 3). 
However, because the sample of under 60-year 
olds was too small, it was not possible to derive 
any significant conclusions on their postoperative 
rewarming rate. Local anaesthesia causes motor 
and sympathetic blockade, resulting in decreased 
shivering and peripheral vasodilatation; the 
extent of the latter is related to the height of the 
block. While local blocks have recognised 
beneficial effects on tissue oxygenation and inter- 
mediary metabolism,?? it is not known whether 
prolonged hypothermia can be readily tolerated. 
It might be possible that the combination of heat 
preservation and local anaesthesia minimise the 
response to surgical stress. This aspect needs to be 
investigated further. 

The patients who underwent ‘transurethral 
prostatic surgery lost further heat during bladder 
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irrigation. The small difference between 
Hammersmith Hospital and Edgware General 
Hospital might be due to the use of warmed 
irrigation fluids at the latter. However, the large 
difference between local anaesthesia and general 
anaesthesia was the most important factor in the 
rate of rewarming, as confirmed by other 
workers.?3:24 

No correlation was found between post- 
operative rewarming and either body fat or length 
of surgery. The incidence of shivering confirmed 
previous findings, which showed that a relation- 
ship between it and hypothermia remains con- 
troversial.?>~?7 In the present study, 57 out of 72 
elderly patients rewarmed without shivering, 
while 65 out of 92 under 60 years old shivered 
during rewarming. Postoperative rewarming 
following local anaesthesia could not be com- 
pared with those receiving general anaesthesia 
because of the small number of patients having 
local anaesthesia who shivered (4 out of 36). This 
observation contrasts with that of Holdcroft 
et al.,8 who found a higher incidence of shivering 
following local anaesthesia, although they 
studied only female patients under 60 years of age 
receiving epidural analgesia to the T, level. The 
greater extent of vasodilatation found by the 
above authors and the age difference might 
explain their results. 

In conclusion, the recovery room environment 
does not seem to affect postoperative rewarming. 
Perhaps much higher ambient temperatures and 
lower relative humidity may make a difference 
and this variable needs to be investigated. As the 
incidence of cardiorespiratory problems increases 
with age, it is mandatory to provide a space blan- 
ket and O, therapy to the elderly in our recovery 
rooms, since when their core temperature falls 
they are more vulnerable to the effects of hypoxia. 
Rewarming in patients over 60 years of age 
following local anaesthesia is slower than 
following general anaesthesia. Care must there- 
fore be taken intra- and postoperatively, not to 
offset the advantages claimed from local anaes- 
thesia by allowing body core temperature to fall 
unduly. Anaesthetists should be as aware of the 
importance and physiological implications of 
monitoring decreases in body temperature peri- 
operatively as they are of detecting increases. 
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Obstetric anaesthetic services in Scotland in 1982 


D. B. SCOTT ann R. E. G. AITKEN 


Summary 


A recent survey of Scottish obstetric anaesthesia practice revealed that the majority of deliveries take place 
in the larger hospitals; these also have the highest epidural rates, both for relief of pain in labour and for 
Caesarean section. However, as epidural blockade is an essential part of modern obstetric practice, it is 
a matter of concern to achieve an equal standard in the medium-sized hospitals, whilst accepting tàat special 


arrangements are required in the very small obstetric hospitals. 
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In 1981 the Scottish National Medical Consul- 
tative Committee (NMCC) through its Anaes- 
thetic Subcommittee collated information on the 
provision of obstetrical anaesthesia in Scotland, 
showing that the main problem appeared to be 
the large number of small, isolated maternity 
units requiring obstetrical anaesthetic services, 
many of which were at a considerable distance 
from a parent unit. As a result of this work, it was 
suggested that a multidisciplinary Working 
Group be set up to consider the subject. The 
NMCC established the Group in 1982, with the 
object of examining current standards of practice 
in obstetrical anaesthesia and analgesia in 
relation to maternal morbidity and mortality, 
and to make recommendations. 

A small Working Group was set up, consisting 
of three anaesthetists, two obstetricians, two 
general practitioners and a midwife, with a 
consultant radiologist acting as Chairman, 
assisted by a Departmental medical officer and 





secretary. It was quickly decided that factual 
evidence was required regarding the present 
service and a questionnaire was prepared and sent 
to ali hospitals undertaking obstetric care. The 
results of that survey form the basis of this paper. 


Method 


The questionnaire was designed to answer certain 
questions for the calendar year 1982, including: 
how many hospitals were involved in providing 
obstetric care and how many deliveries took place 
in each? How many patients required general 
anaesthesia? How many patients received 
epidural blockade, either for relief of pain in 
labour or for Caesarean section? Was there 
consultant participation in the service and what 
was the nature of that participation? What staff 
undertook emergency calls and how quickly 
could the duty anaesthetist be available? Were the 
arrangements for the obstetric anaesthetic service 
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considered satisfactory by the local anaesthetists? 
Were midwives instructed in the management of 
patients receiving epidural blockade? Would the 
anaesthetists welcome properly trained midwives 
being allowed to give epidural top-up doses? 
What help was available to the anaesthetist? 


Results 
Number of deliveries 


All the hospitals circulated returned a completed 
questionnaire. The total number of deliveries 
performed according to the returns was 62 257, 
with three of the smaller general practitioner units 
not answering the question. The Registrar 
General’s figures for registered births in 1982 was 
66 582 (with 609 multiple births). Of these 65 901 
births took place in National Health Service 
hospitals. Allowing for multiple births, the 
questionnaire total was therefore about 3000 
fewer than the Registrar General’s figures. There 
is therefore a probable 5% error in the question- 
naire’s factual data, but in such a survey, this is 
considered acceptable. 


Hospitals 


The hospitals were classified into four groups, 
depending upon the number of annual deliveries, 
as follows (Table 1): Group A, those with more 
than 2500 deliveries; Group B, those with 
1500-2499 deliveries; Group C, those with 1000- 
1499 deliveries; Group D, those with less than 
1000 deliveries. 

There were 11 hospitals in Group A. In total, 
they delivered 37 579 mothers or 60.4% of the 
questionnaire’s total. In Group B there were nine 
hospitals, which delivered 16 331 mothers or 
26.2% of the total. In Group C there were four 


Obstetric anaesthesia in Scotland in 1982 371 


hospitals, which delivered 5290 mothers or 
8.5% of the total. Group D varied from 37 to 567 
deliveries. There were 17 hospitals in this cate- 
gory, with a total of 3057 deliveries (with three 
not recording the number) or 4.9% of the total. 
Only one had consultant obstetric cover; the rest 
were general practitioner units. None had anaes- 
thetic consultant cover and patients requiring 
operative delivery were either transferred to a 
consultant unit or treated by a flying squad. That 
such units have a part to play in the obstetric 
services in remote areas is not in doubt, but as far 
as anaesthetic services are concerned, they will 
not be cons:dered further in this paper. 


Caesarean section 


This operation was, of course, the most common 
requiring anaesthesia. In all, there were 8311 
sections or 13.3% of all deliveries (Table 2). In 
Group A hospitals, the Caesarean section rate 
was 15.2%, in Group B, 12.2%, and in Group C 
11.1%. Given the wide differences in the social 
and geographical backgrounds of the hospital 
populations, the section rate was not unduly dif- 
ferent between hospitals. 


General anaesthesia 


General anaesthesia was administered to 5348 
patients for Caesarean section. It is, unfortun- 
ately, not known how many of these were elective 
and how many were emergency sections. In any 
event, general anaesthesia was given to 64.3% of 
patients undergoing Caesarean section. 

A further 134 patients had forceps delivery 
performed under general anaesthesia. The great 
majority of these procedures are done either with 
pudendal block or with epidural block, if it has 
been established during labour for relief of pain. 


Table 1. Classification of hospitals 





No. of hospitals No. of deliveries Total (%) 

Group A 

(> 2500) 11 37 579 60.4 
Group B 

(1500-2499) 9 16 331 26.2 
Group C 

(1000-1499) 4 5290 8.5 
Group D 

(< 1000) 17 3057 4.9 
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‘Table 2. Caesarean sections 





No. of Rate General Epidural 
sections (%) (%) (%) 
Group A 5729 15.2 - 58 42 
Group B 1997 12.2 81 19 
Group C 585 11.1 67.7 32.3 
Total 8311 13.3 5348 2963 
Table 3. Epidurals during labour 
No. of deliveries % of all deliveries Range (%) 
Group A 8399 22.4 0-38 . 
Group B 1006 6.2 0-19.7 
Group C 573 10.8 0-23.3 
Total 9978 16 0-38 
Epidural blockade Table 4. Consultant anaesthetic sessions 


Epidural blockade was used for Caesarean 
section in 2963 patients, that is 35.7% of all sec- 
tions. There was an enormous inter-hospital 
variation in the use of epidural block for 
Caesarean section, from 0% to 81.5%. It might be 
thought that the larger hospitals would do more 
epidurals than the smaller ones, but this was not 
always so. In Group A hospitals, 42% of patients 
were sectioned under epidural blockade, com- 
pared to 19% in Group B and 32.3% in Group C. 
In one hospital with only 1274 deliveries, 106 of 
162 Caesarean sections (65.4%) were done with 
epidural blockade. Only three hospitals (two in 
Group B and one in Group A) gave no epidurals 
for this operation. 


Epidural blockade for relief of pain in labour 


(Table 3) 


Epidural block for pain relief in labour was used 
in 9978 mothers, that is 16% of all deliveries. In 
Group A, the epidural rate in labour was 22.4% 
(range 0-38%), in Group B it was only 6% (range 
0-19.7%) and in Group C, 10.8% (range 
0~-23.3%). The relatively high rate in Group C is 
due to the hospital mentioned above, which 
achieved an epidural rate of 23.3% in their 1274 
deliveries. 

Ten hospitals (eight in Group A and two in 
Group B) offered a full epidural service, available 
24 hours a day on demand. Nine claimed to have 
a partial service, though four of these dealt with 
fewer than 5% of the mothers delivered. There 
was therefore little or no service available in nine 


Average weekly 
consultant sessions Range 
Group A 8 0-10 
Group B 5 0-10 
Group C I 0-2 


hospitals (one in Group A, six in Group B and 
two in Group C). 


Consultant anaesthetist cover (Table 4) 


In terms of officially allocated sessions, 19 
hospitals had nominated consultants and five had 
none. Jn Group A, of the 1] hospitals seven had 
10 weekly sessions, one had eight sessions, one 
had seven, one had four and one had none. This 
last with 2600 deliveries a year also did not have 
a junior anaesthetist immediately available (see 
below) for emergency cover. For obvious reasons 
their epidural rate was very much lower than the 
group average. 

In Group B, the number of consultant sessions 
varied from 0-10, with an average of five. In 
Group C, two hospitals had two sessions and two 
had none. 


Junior anaesthetic cover (Table 5) 


In nine hospitals (eight in Group A and one in 
Group B) there was an anaesthetic junior always 
immediately available with no other duties. In 
three hospitals it was said that the junior would 
take not more than 15 minutes to reach the 
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Table 5. Junior anaesthetic cover 





Up to Up to 
Immediate 15 minutes 30 minutes > 30 minutes 
Group A 8 0 2 
Group B 1 5 l 
Group C 0 1 2 





operating theatre/labour ward, after receiving an 
emergency call. In six hospitals the junior’s other 
duties, and/or the remoteness of the maternity 
unit, could involve a wait of up to 30 minutes. In 
five hospitals (two in Group A, one on Group B 
and two in Group C) it could take more than 30 
minutes for the junior on emegency call to reach 
the maternity unit. One hospital in Group B had 
no junior anaesthetic staff, and it could some- 
times take more than 30 minutes for the con- 
sultant to arrive. 

In most of the hospitals, only juniors with more 
than 1 year’s experience were on call for obstetrics, 
although about 30% had to use some with only 6 
months’ experience of anaesthesia. 


Help for the anaesthetist 


During the preparation for, and the induction of, 
anaesthesia, the anaesthetist had the assistance of 
either a midwife or an operating department 
orderly. Occasionally, the anaesthetists felt that 
the help was of a very inexperienced nature. 


Midwife instruction in epidural blockade 


In only four of the 24 hospitals were midwives not 
instructed in the nursing management of an 
epidural block given during labour. However, as 
there was no epidural service available in five 
others, such instruction could only have been 
theoretical. The questionnaire also asked whether 
the anaesthetic department would welcome mid- 
wives giving top-up epidural injections if they had 
received appropriate instructions; 16 were in 
favour and eight against. 


General assessment of the anaesthetic services 


Each anaesthetic department was asked its 
opinion on whether their local arrangements were 
satisfactory or not, giving their reasons if they 
were unsatisfactory. Eleven were satisfied and 13 
were not. The commonest causes for dis- 


satisfaction were shortage of staff, both medical 
and nursing, and remoteness of the maternity 
unit. 

In making an objective assessment, taking into 
account the number of consultant sessions 
relative to the number of deliveries, the avail- 
ability of junior staff and the epidural service 
offered, one of the authors (D.B.S.) considered 
that only six hospitals (all in Group A) were 
completely satisfactory. In the six hospitals in 
which it could take over 30 minutes for the emer- 
gency anaesthetist to arrive, a potentially danger- 
ous situation was present. 


Discussion 

So far as we are aware, this enquiry is the most 
complete recent survey of obstetric anaesthetic 
practice in Scotland. The purpose of the enquiry 
was to assist the NMCC Working Group to 
examine current standards of practice and 
identify areas of deficiency which could affect the 
safety of overall standards of obstetric anaes- 
thetic practice in Scotland. 

Scotland is a large country with a relatively 
small population (5.5 million). This means that 
there is a comparatively large number of very 
small hospitals undertaking obstetric care. How- 
ever, the 17 hospitals delivering less than 1000 
mothers a year (the highest in any hospital was 
only 557), were responsible for less than 5% of the 
total births in 1982. Supplying an anaesthetic 
service to hospitals as small as this is clearly not 
practical. Patients who require emergency 
surgery are either transferred or anaesthetised 
locally by the flying squad or by a general 
practitioner anaesthetist. 

Hospitals with less than 2500 deliveries a year 
also present difficulties in arranging a satisfactory 
anaesthetic service. The amount of work to do is 
not great, so the anaesthetist frequently has other 
duties which may conflict with those in the 
maternity unit. The problem is often com- 
pounded by the fact that many maternity units 
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(even some large ones) are quite remote from the 
nearest general hospital, where the other anaes- 
thetic duties lie. 

In spite of all these difficulties, it is reassuring 
to note that 60% of all deliveries take place in 
Group A hospitals, i.e. those with more than 2500 
deliveries. Given that most of these hospitals have 
adequate staff and facilities, their practice may be 
considered as close to optimal. It is of interest, 
therefore, that they have the highest epidural rate, 
both for the relief of pain in labour and for 
Caesarean section. In smaller hospitals, the 
epidural rate depends greatly on the personal 
enthusiasm of consultants, though remarkably 
high rates are achieved. Epidural blockade is an 
essential part of modern obstetric practice and it 
should not be considered as an optional extra. 

The main concern of the NMCC Working 
Group was the standard of obstetric anaesthetic 


practice in relation to maternal morbidity and 
mortality. The maternal mortality rate in Scot- 
land is not high, and anaesthesia is responsible for 
only 2-3 deaths per annum. However, there must 
be concern regarding the arrangements for 
emergency anaesthesia in many of our obstetric 
units. The longer it takes for an anaesthetist to 
arrive at an emergency, the more fraught is the 
situation. Where there is no anaesthetist on site at 
the unit, an emergency anaesthetic has to be given 
to a patient who has not been previously seen or 
prepared by the anaesthetist. To maximise safety, 
an on-site anaesthetist is essential. Though this is 
not always possible, especially in the smaller 
units, more consideration could be given to the 
location of anaesthetic staff, both junior and 
senior. An anaesthetist’s presence in the labour 
ward can often avoid the need for unsafe emer- 
gency anaesthesia. 
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Atracurium infusions in patients with renal failure on an ITU 


R. B. GRIFFITHS, JENNIFER M. HUNTER ann R. S. JONES 


Summary 

An infusion of atracurium was used (after an initial bolus dose) in five patients with renal and respiratory 
failure, who were being subjected to intermittent positive pressure ventilation before renal dialysis. Neuro- 
muscular function was monitored by the train-of-four pattern of stimulation. In three patients, atracurium 
0.6-0.7 mg/kg/hour completely abolished the twitch response; in the other two (both of whom were 
markedly oedematous) this did not occur, even with a dose of 1.0 mg/kg/hour, although satisfactory clinical 
control was obtained. In all patients, there was rapid spontaneous recovery when the infusion was stopped. 
One patient convulsed, but plasma laudanosine levels taken at this time were below the toxic range. 
Atracurium infusions appear to provide easily controllable neuromuscular blockade in the intensive therapy . 
unit, although these preliminary results suggest that larger doses may be required in the oedematous patient. 


Key words 


Neuromuscular relaxants, atracurium. 
Anaesthetic techniques; relaxant infusion. 


Patients with respiratory failure are frequently 
subjected to intermittent positive pressure ven- 
tilation (IPPV) in the intensive therapy unit 
(ITU). Central depressant drugs are often given 
to sedate the patient, but a long acting muscle 
relaxant is sometimes required to facilitate 
artificial pulmonary ventilation. Relaxants such 
as alcuronium or pancuronium, which are 
frequently used for this purpose, have the dis- 
advantage of being excreted, at least in part, by 
the kidney;! therefore, if the patient is also in 
renal failure, cumulation of these drugs may 
occur. This cumulation may hinder ‘weaning’ 
from ventilation when the patient’s condition has 
improved. 


The new non-depolarising muscle relaxant 
atracurium breaks down spontaneously in the 
plasma by Hofmann elimination and has been 
shown to be superior to other non-depolarising 
drugs in patients with chronic renal failure under- 
going surgery,? because its lack of cumulation 
ensures a rapid and complete recovery. The short 
half life of the drug (approximately 21 minutes?) 
necessitates frequent bolus doses and this would 
seem to be impracticable in the intensive care 
unit. Infusions of atracurium have been used in 
the operating theatres and it was decided to 
investigate, this method of administration in 
patients with renal failure (prior to dialysis), who 
also required IPPV. Particular attention was paid 
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to the rapidity of recovery once the infusion had 
been stopped. The study had the approval of the 
Committee of Safety of Medicines and the 
Hospital Ethical Committee. 


Methods 


Five patients were studied. All needed immediate 
artificial ventilation on admission to the ITU and 
all were in acute renal failure. Neuromuscular 
function was monitored using the train-of-four 
(TO4) pattern of stimulation. The precise method 
has been described in detail elsewhere.5 On 
admission to the ITU, each patient had been 
established on a continuous infusion of morphine 
(4-10 mg/hour) to produce satisfactory sedation. 

Once the TO4 monitoring equipment had been 
set up and control values obtained, a bolus dose 
of atracurium 0.6 mg/kg was administered via a 
central vein. In the one patient who was not al- 
ready undergoing IPPV and who did not have a 
tracheal tube in situ, ventilation was com- 
menced and tracheal intubation effected (using a 
small dose of methohexitone as an adjuvant to 
cover the procedure). 

Immediately after the bolus dose of atracurium 
had been given, an infusion of the drug was 
started, initially at a rate of 0.6 mg/kg/hour, also 
into a central line. The infusion of morphine con- 
tinued throughout the period of monitoring and 


doses of midazolam (1-3 mg) were alsc given as 
necessary, to maintain good sedation. 

The TO4 twitch response was monitored con- 
tinuously until a stable state had been reached, If 
the height of the first twitch of the TO¢ A’, had 
not fallen below 20 percent of control 3C minutes 
after starting the infusion, the rate of the infusion 
was increased by 0.1 mg/kg/hour every 30 min- 
utes until this had been achieved. When A’/A had 
been less than 20 percent for at least one hour, the 
monitoring equipment was switched off, although 
the hand was left in the splinted position. The 
height of the TO4 was then checked at regular 
intervals throughout the infusion and the dose 
adjusted accordingly. 

Atracurium was administered in this way for 
between 14 and 37 hours; during this time, 
systemic arterial and pulmonary artery monitor- 
ing lines were set up and a dialysis cannula 
inserted. Once the condition of the patient 
had been stabilised, the infusion was found 
to be no longer necessary; sedation alone 
was sufficient, and before dialysis commenced 
the infusion was discontinued. Continuous 
monitoring of the TO4 was recommenced 
immediately before the infusion was stopped and 
was only terminated when recovery of the TO4 
was judged to be satisfactory. The monitoring 
equipment was then removed and dialysis 
commenced. 


Table 1. Acid base data from the patients studied, obtained 
immediately before the infusion of atracurium was commenced 


Paco, Pad, Base excess 
Fio, pH kPa kPa m mol/ite Shunt 
Case | 0.6 724 55 11.2 9,2 25% 
Case 2 05 742 40 7.5 —0.9 30% 
Case 3 0.7 715 75 109 —8.2 25% 
Case 4 04 #745 115 88 —0.7 20% 
Case 5 0.4 740 3.5 103 TS 16% 


Table 2. Biochemical data from the patients studied, obtained immediately before the infusion of atracurium was 
commenced. (Normal values in brackets) 





Nat Kt HCO, Urea 
mmol/l mmol/l mmol/l mmol/l 
(130-150) (3.6-5.4) (20-30) (3.0-7.0) 
Case | 14] 5.8 16 52.8 
Case 2 14] 3.4 28 29.1 
Case 3 139 4.4 25 40.0 
Case 4 133 4.7 28 26.5 
Case 5 132 3.3 22 ILS 





Total Alkeline 
Creatinine bilirubin SGOT GT phosphatase 

pmol/l pmol/l Uf UA vA 

(60-110) (20-17) (7-45) (065) (5-130) 
763 45 3 17 56 
1014 6 57 13 60 
944 10 13 140 193 
451 132 68 48 194 
673 122 2000 21 173 


EN N 


Case histories 


An outline history of each of the five patients is 
given below. Results of blood gas analysis, liver 
function and electrolyte values for each patient 
immediately prior to the start of the atracurium 
infusion are given in Tables 1 and 2. All the 
patients required inotropic support (with 
dopamine) during the periods of the infusion. 

Case 1. A 60-year-old man was admitted to 
another hospital following a fall. His injuries, 
which included avulsion of the duodenum, pan- 
creas and common bile duct, and a torn right 
hepatic artery, necessitated transfusion of 19 
units of blood before and during emergency 
laparotomy. A choledochojejunostomy was 
formed and the right hepatic artery ligated. An 
ECG immediately prior to laparotomy revealed a 
hyperacute anteroseptal myocardial infarction. 
Postoperatively, IPPV was continued because of 
poor respiratory function complicating cardio- 
vascular instability. Renal function deteriorated 
progressively, but after 2 weeks the patient’s 
cardiovascular condition was stable enough to 
permit transfer for haemodialysis, although he still 
required IPPV. He had by then developed con- 
siderable peripheral oedema. 

He was admitted to the atracurium trial. The 
infusion was continued for 14.5 hours and 
dialysis was started the following day. Recovery 
thereafter was stormy but the patient was able to 
leave the ITU 20 days after admission. He was 
eventually discharged from hospital with good 
respiratory and renal function. 

Case 2. A 55-year-old man, who was on 
haemodialysis for chronic renal failure, was 
admitted for cadaveric renal transplantation. The 
surgical procedure was uneventful, but on the 
first postoperative day a myocardial infarction 
with pulmonary oedema resulted in a cardiac 
arrest. Resuscitation was prompt and good 
cerebral function returned. Transfer to the ITU 
was necessary to continue IPPV, in order 
to maintain adequate oxygenation and to avoid 
hypotension. Morphine combined with muscular 
relaxation was considered necessary. 

An infusion of atracurium was set up in 
accordance with the trial protocol. Urine output 
from the transplanted kidney was 700 ml in 24 
hours following an injection of frusemide 500 mg, 
but a rising serum creatinine indicated the 
need for dialysis. The atracurium infusion was 
discontinued before dialysis was commenced, 
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after a total of 22 hours 16 minutes. 
With ultrafiltration, a substantial negative fluid 
balance occurred; this resulted in an improvement 


in the pulmonary oedema. However, continued 


muscular relaxation was found necessary for 
adequate oxygenation and a second infusion of 
atracurium was started 2 hours after haemo- 
dialysis (and some 7 hours after the first in- 
fusion had been discontinued) at a rate of 
0.6 mg/kg/hour. This was continued for a further 
78 hours, but neuromuscular monitoring was not 
carried out on this occasion though it was noted 
that, after stopping the second atracurium 
infusion, recovery of muscle power was rapid. 
The data from this infusion are not recorded in 
the results in Table 3. 

Six days after admission to the ITU respiratory 
function was adequate and the nasotracheal tube 
was removed. The following day the patient was 
returned to the renal unit and 4 weeks later 
was discharged home with good renal function. 

Case 3. A 42-year-old man with mycoplasma 
pneumonia was admitted to another hospital. 
Lobar consolidation and rapidly increasing pul- 
monary oedema produced severe hypoxia. On 
transfer to the ITU of that hospital he suffered a 
cardiorespiratory arrest. Resuscitation was suc- 
cessful and recovery of cardiovascular and 
cerebral function was good. However, IPPV was 
necessary to maintain adequate oxygenation. 
Renal function deteriorated progressively: after 
this event and 17 days following his admission the 
patient was transferred for haemodialysis. Poor 
synchronisation of IPPV indicated the need for 
muscular relaxation in addition to sedation and 
an infusion of atracurium according to the trial 
protocol was set up. Haemodialysis was started 
after discontinuing the atracurium which was 
used for a total of 17 hours 25 minutes. The 
subsequent history was stormy, but the patient 
was discharged from the ITU to the care of the 
nephrology ward 5 weeks after admission for 
haemodialysis. 

Case 4. A 35-year-old woman was admitted to 
another hospital with atypical pneumonia. 
Respiratory failure within 24 hours required 
IPPV of the lungs. After a further week, deteri- 
orating renal function necessitated peritoneal 
dialysis but, although this was initially effective, 
peritonitis made it necessary to transfer the patient 
to this ITU for haemodialysis after 2 weeks. On 
arrival, there was marked pulmonary oedema and 
cardiovascular instability. Sedation with mor- 
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Table 3. Details of the rate and duration of the infusion of atracurium in each of the five patients are given, together 

with the total dose of atracurium administered during the period of the study. The height of A’/A and D’/A’ on 

stopping the infusion, the subsequent time (minutes) over which monitoring continued and the final values recorded 
for A’‘/A and D’/A’ are also included 





Mean Duration Total 
infusion of dose (bolus 
rate infusion + infusion, 
Patient (mg/kg/hour) Hours Minutes mg) 
1 1.0 14 30 1270 
2 0.6 22 16 1088 
3 0.6 17 25 890 
4 1.0 23 30 1729 
5 0.7 36 50 1295 


phine allowed IPPV to continue, but caused a fall 
in systemic arterial pressure. A muscle relaxant 
was therefore thought to be indicated, and the 
patient was admitted to the atracurium trial. 
During the first 24 hours of infusion, large 
volumes of fluid had to be infused to maintain 
the pulmonary capillary wedge pressure (PCWP) 
and marked peripheral oedema developed. This 
was associated with marked resistance to 
atracurium, even administered at a dose of 
1.0 mg/kg/hour. The infusion was stopped before 
the first haemodialysis. Further muscle relaxation 
was required later that day, however, to facilitate 
adequate respiratory exchange and bolus doses of 
atracurium 20-25 mg were used to a total of 
1085 mg over the next 93 hours; at this stage the 
total dose administered was 2814 mg. The patient 
developed generalised twitching, while still re- 
ceiving bolus doses of atracurium, which proved 
almost impossible to control. Injections of 
phenobarbitone and phenytoin, together with an 
infusion of magnesium sulphate and diazepam 
20 mg/hour, were only partly successful in 
controlling the fits. Two days after the fits 
started the atracurium was stopped. Arterial 
blood was taken to assess laudanosine levels 2, 
6, and 24 hours after the last dose of atracurium. 
It was 36 hours after stopping the bolus injections 
of atracurium before it was possible to withdraw 
the anticonvulsive therapy. Pneumonia and tox- 
aemia, however, progressed and 26 days after 
admission to hospital the patient died. 

Case 5. A 21-year-old woman was admitted to 
another hospital several days after taking an over- 
dose. of paracetamol. On admission she was 





A’/A+ DJA’ Time from A‘{A+D’/A’ 
on completion of infusion on 
stopping to stopping stopping 
infusion monitoring (minutes) monitoring 
AJA = 56% 105 A‘/A = 200% 
D‘/A’ = 11% D’‘/A’ = 100% 
No TO4 60 A’/A = 100% 
DJA’ = 67% 
No TO4 75 A‘/A = 120% 
D’/A’ = 78% 
A’‘/A = 85% 50 A’JA = $2% 
D’/A = 82% D’/A’ = 91% 
No TO4 47 A'JA=B% 
D'/A = 100% 


breathing spontaneously but was unconscious 
and hypothermic (rectal temperature 32°C). 
The blood paracetamol level was 55 mg/litre. 
Hepatic failure was obvious, with a prolonged 
prothrombin time and raised serum bilirubin. A 
serum amylase of 1335 [U/litre indicated pan- 
creatitis. Deteriorating renal function over the 
next 3 days prompted transfer to the ITU. On 
arrival, a tracheal tube was passed and IPPV was 
instituted because of deteriorating respiratory 
function. The patient was hypovolaemic, with a 
low PCWP, but despite adequate intravenous 
infusion, low-dose dopamine and mannitol there 
was virtual anuria. Poor synchronisation on 
IPPV, despite an infusion of morphine, was 
thought to indicate a need for muscular relaxa- 
tion, and the patient was admitted to the atra- 
curium trial. Staphylococcus aureus and a Gram 
negative bacillus were cultured from sputum 
within 24 hours and treatment with tobramycin 
and flucloxacillin was commenced and continued 
during the time of the atracurium infusion. 
Repeated transfusions of blood products were 
required and acceptable cardiovascular stebility 
was obtained only at the expense of marked 
peripheral oedema. The infusion of atracurium 
was stopped after 36 hours and peritoneal dialysis 
was instituted. Later that day, the infusion of 
morphine was also discontinued as the patient 
had made no meaningful response to stimuli for 
24 hours. Brain stem death was diagnosed 4 days 
later and intensive therapy was withdrawn. Post- 
mortem examination revealed global cerebral 
necrosis as well as liver and renal necrosis. 


Results 


The mean rates of infusion, duration of infusion 
and total dose of atracurium given to each of the 
five patients during the course of the study is 
given in Table 3. 

In three of the five patients, the initial bolus 
dose of atracurium (0.6 mg/kg) produced com- 
plete ablation of the TO4. In patients 1 and 4, 
however, both of whom showed marked 
peripheral oedema, the TO4 persisted after this 
dose, and satisfactory control (in terms of twitch 
response) was not subsequently achieved by an 
infusion of atracurium 0.6 mg/kg hour. 
Therefore, the dose was increased in steps of 
0.1 mg/kg/hour every 30 minutes, up to the 
maximum defined by the clinical trials certificate 
(1.0 mg/kg/hour). In patient 1, even this dose only 
reduced the ratio of the first twitch to control 
(A’/A) to a minimum of 56 percent and the ratio 
of the last to the first (D’/A’) to 11 percent, the 
corresponding figures being 38 and 40 percent in 
patient 4. 

In the other patients (2, 3, and 5) ablation of the 
TO4 was produced by the initial bolus dose. 
Patients 2 and 3 then received atracurium 
0.6 mg/kg/hour by infusion for over 17 and 22 
hours respectively and no response to the TO4 
was seen during that time. Patient 5 required 
atracurium 0.7 mg/kg/hour to ablate the TO4 and 
this was achieved for almost 37 hours. The mean 
infusion times in the five patients was 22 hours 54 
minutes. The mean total dose of atracurium given 
(bolus plus infusion) was 1254 mg (range 
890-1729 mg). 

Recovery of the TO4 appeared to be rapid after 
the infusion was stopped, and as straight- 
forward in cases 1, 2 and 4. The other two cases, 


_ however, showed different patterns (possibly 


associated with difficulties in monitoring for long 
periods—see Discussion). In case 3, recovery of 
the ratio A’/A was to more than 100 percent; in 
case 5, A’/A showed poor recovery but D’/A’ 
reached 100 percent (Table 3). The mean heights 
of A’/A and D’/A’ (SEM) for the five patients 
at 5 minute intervals after stopping the infusion 
until the end of the study are given in Fig. 1. 

It was not routinely possible to measure serum 
laudanosine levels in this study. In patient 4, 
however, who developed status epilepticus after 
large doses of the drug, it was thought necessary 
to do so. The results showed that 2 hours after the 
last bolus of atracurium had been given, the 
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Fig. 1. Mean height of A’/A (@) and D’/A’ (W) with 
SEM, at 5-minute intervals after stopping the 
atracurium infusion. 


plasma laudanosine level was 0.74 pg/ml; at 6 
hours it was 0.6 ug/ml and at 24 hours it was 0.43 
g/ml. 

None of these patients showed any marked 
cardiovascular changes after the bolus dose of 
atracurium 0.6 mg/kg. The patients all had some 
degree of cardiovascular instability and were 
receiving intravenous infusions of inotropic 
agents. Nevertheless, 3 minutes after the bolus 
dose there was little change in blood pressure or 
pulse rate. Similarly, there were no cardio- 
vascular changes during the study that could 
be attributed to the infusion. No evidence 
of histamine release was seen after the bolus dose 
of atracurium, or at any point during the infusion 
of the drug. 


Discussion 
Non-depolarising muscle relaxants are frequently 
used in an ITU, especially in patients with poor 
lung compliance, to facilitate IPPV. In the United 
Kingdom, the two most widely used agents in 
these circumstances are probably pancuronium 
and alcuronium. Both, however, may cause 
residual paralysis in patients with renal failure. 
Infusions of muscle relaxants have not been 
routinely used in the ITU because of the potential 
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problem of cumulation. However, with the 
introduction of the two shorter acting relaxants, 
atracurium and vecuronium (which have a 
shorter half life, even in renal failure) an infusion 
may well be suitable, especially as the need for 
repeated doses makes their use in bolus form 
impracticable. 

Muscle relaxants are not often required once 
the patient has been stabilised and monitoring 
lines have been inserted; sedatives such as 
morphine and a benzodiazepine are then usually 
sufficient. Moreover, dialysis causes alterations 
in circulating volume and loss of drug can occur 
through the membrane. For these reasons, the 
infusion was started soon after the admission of 
the patient to the ITU and the study was 
completed before dialysis commenced. 

All five patients were extremely ill on admis- 
sion (ASA 4-5) and all were in renal failure, but 
the degree of fluid overload varied with each 
patient. This variability probably affected the 
amount of atracurium required to produce satis- 
factory neuromuscular blockade. Thus, patients 
1 and 4, who were grossly oedematous, received 
atracurium 1.0 mg/kg/hour without complete 
neuromuscular block, though both these patients 
were well controlled clinically. 

Oedema can make mechanical methods of 
neuromuscular monitoring more difficult;’ in 
practice, it may be a problem to stimulate the 
ulnar nerve at the wrist adequately due to local 
swelling. In patient 5, the increasing oedema 
which developed during the course of the study 
may explain the fact that the ratio A’/A did not 
return to 100 percent once the infusion was 
stopped, although the ratio D’/A’ reached al- 
most 100 percent and the patient seemed to have 
good muscle tone. Conversely, in patient 3 an 
improvement in the peripheral circulation may 
have been responsible for the increased height 
of A’/A’; the hand was warmer and well perfused 
by the end of the monitoring period. Indeed, 
because of the practical problems of mechanical 
monitoring of neuromuscular function over 
many hours, when it is impossible to maintain 
the same position of the hand, D’/A’ may well 
be a better indication of recovery than A’/A. 

It was unfortunate that serum laudanosine 
levels could not be measured in all patients during 
this study. Laudanosine is the main metabolite of 
atracurium in humans,’ and is excreted by the 
kidney. Concern has been expressed that cumula- 
tion of this substance could occur in patients with 


renal impairment,® especially as this substance 
has been shown to produce epileptiform seizures 
in dogs in large doses.’ For this reason, plasma 
laudanosine levels were measured in patient 4 
when status epilepticus developed whilst still 
receiving bolus doses of the drug every 2 hours. 
The levels were, however, well below the toxic 
level necessary to cause convulsions!® (17 ug/ml) 
and there were other causes for cerebral 
irritability in this patient, including hypoxia 
(Pao, = 8 kPa) and viral encephalitis. 

No evidence of histamine release was seen in 
any of the five patients during the period of the 
infusion of atracurium, nor was any acute change 
in cardiovascular status seen during the study 
which could have been attributable to the 
infusion of the drug. 

We conclude that an infusion of atracurium 
may be useful for facilitating IPPV in patients 
with renal failure on an ITU. However, the 
administration rate needs adjusting according to 
the individual response. Monitoring by train-of- 
four stimulation is suitable for this purpose. 
Patients who are grossly oedematous mzy require 
larger doses of the drug. 
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Profound atracurium induced neuromuscular blockade 


A comparison of evoked reversal with edrophonium or neostigmine 


W.R. CASSON anD R.M. JONES 


Summary 


Speed of reversal of profound atracurium induced neuromuscular blockade following edrophonium {0.5 or 
1.0 mg/kg) or neostigmine (0.04 or 0.08 mg/kg) was measured using the train-of-four pattern of nerve 
stimulation. In all patients adequate clinical reversal was present when the ratio of the strength of the fourth 
to the first twitch (T4 ratio) was 0.5. Both doses of edrophonium were associated with a significantl) faster 
speed of reversal than the smaller dose of neostigmine (p<0.05 in both cases). However, the larger dose 
of neostigmine was associated with a reversal time approaching. that of edrophonium. Possitle ex- 
planations for these findings are discussed in terms of contemporary theories of neuromuscular 


pharmacology. 


Key words 


Neuromuscular relaxants, atracurium. 


Antagonists, neuromuscular relaxants, edrophonium, neostigmine. 


Edrophonium is a synthetic, reversible cholines- 
terase inhibitor. It is now established that in the 
dose range 0.5-1.0 mg/kg, it is able to produce 
reliable and sustained antagonism of neuro- 
muscular blocking agents.! After spontaneous 
offset of atracurium induced block to at least 10 
percent of control twitch strength, edrophonium 
promotes more rapid recovery of neuromuscular 
function than neostigmine.? However, if the 
block is profound this may not be the case.3 We 
have compared edrophonium and neostigmine 
reversal of profound atracurium induced block 
using clinical observation as well as assessing the 
degree of residual paralysis using the train-of- 
four pattern of stimulation. 


Methods 


After local Ethics Committee approval we 
studied 20 ASA class 1 unpremedicated edults, 
scheduled to undergo surgery requiring muscle 
relaxation. Patients greater or less than 20 pzrcent 
of their ideal body weight were not studied. Prior 
to induction of anaesthesia, the left arm was 
immobilised in a splint and the left thumb was 
connected to a miniature force transducer, in 
order to measure isometric contractions of tne ad- 
ductor pollicis.* The force of contraction was 
recorded using a Devices pre-amplifier and a two- 
channel chart recorder. 

An indwelling needle was inserted in a vein on 
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Table 1. Age, sex and weight characteristics 





Dose n Male Female Age (years) Weight (kg) 
Edrophonium, 0.5 mg/kg 5 2 3 26.0 (6.0) 73.0 (19.9) 
Edrophonium, 1.0 mg/kg 5 0 5 20.6 3.1) 63.6 (5.7) 
Neostigmine, 0.04 mg/kg § 2 3 24.0 (2.6) 60.0 (9.0) 
Neostigmine, 0.08 mg/kg 5 1 4 22.6 (2.6) 58.6 (8.2) 


Table 2. Times from anticholinesterase administration 
to achievement of a T4 ratio of 0.5 


Time Range 
Dose (seconds) (seconds) 
Edrophonium, 0.5 mg/kg 189 (195) 35-530 
Edrophonium, 1.0 mg/kg 225 (126) 92-405 
Neostigmine, 0.04 mg/kg 523 (243) 249-795 
Neostigmine, 0.08 mg/kg 346 (160) 245-630 


the dorsum of the right hand and anaesthesia was 
induced using thiopentone in a dose 20 percent 
greater than that required to abolish the eyelash 
reflex. The needle was then flushed with normal 
saline. The left ulnar nerve was stimulated by sup- 
ramaximal 0.2 ms square wave impulses, delivered 
in a train-of-four pattern at 2 Hz for 2 seconds via 
surface electrodes at the wrist, repeated at 12 
second intervals (Myotest). Immediately follow- 
ing a control train, atracurium, 0.5 mg/kg was 
injected and flushed in with norma! saline. The 
patient’s lungs were ventilated with 50 percent 
nitrous oxide in oxygen, supplemented with | per- 
cent halothane and the trachea was intubated 3 
minutes after injection of the relaxant or when 
there was no recordable first twitch. Ventilation 
was via a Bain typecoaxial breathing system witha 
fresh gas flow designed to maintain normocarbia. 
The concentration of halothane was reduced after 
intubation to 6.5 percent and that of nitrous oxide 
increased to 66 percent. 

The patients were randomly divided into four 
groups to receive edrophonium (0.5 or 1.0 mg/kg) 
or neostigmine (0.04 or 0.08 mg/kg) to reverse the 
block. When surgery was completed, and after the 
return of the first recordable response of adductor 
pollicis to ulnar nerve stimulation (T1<2 
percent of control), the chosen anticholines- 
terase was injected intravenously with a suitable 
dose of atropine (0.6-1.2 mg). The time from then 
to the point where the ratio of the fourth to the 
first twitch (T4 ratio) reached 0.5 was recorded. 
At this point, spontancous ventilation was 
adequate and all patients appeared clinically to be 
adequately reversed. They were then turned on 


their side, and their tracheas extubated before 
being taken to the recovery ward. All patients 
were carefully observed for any signs of residual 
neuromuscular blockade for at least 2 hours. 
Statistical analysis was with the unpaired t-test. 


Results 


Results are expressed as mean (SD) where 
applicable. The age, sex and weight char- 
acteristics of the patients are shown in Table 1. 
Recovery times in the four groups are shown in 
Table 2. 

There was a wide variation in recovery times in 
all four groups, but there was no significant 
difference between the recovery times following 
the two doses of edrophonium, nor between the 
two doses of neostigmine. However, the times 
following the smaller dose of neostigmine 
(0.04 mg/kg) were significantly longer than those . 
following both the smaller (p<0.05) and the 
larger (p < 0.05) doses of edrophonium. Although 
recovery times after the larger dose (0.08 mg/kg) 
of neostigmine tended to be longer than those 
following edrophonium, this was not statistically 
significant. No patient exhibited any signs of 
residual neuromuscular blockade by any of the 
standard criteria, such as sustained head lift or 
strength of hand grip; all were able to maintain 
their own airway and cough forcefully im- 
mediately after extubation. : 


Discussion 


The use of edrophonium in comparatively large 
doses (0.5-1.0 mg/kg) to reverse residual neuro- 
muscular blockade has gained increasing 
popularity. Administered in this dose range, it has 
a pharmacokinetic profile similar to that of neo- 
stigmine* (ensuring sustained reversal of block) 
and it appears to possess a number of distinct 
advantages. Atropine requirements are less using 
edrophonium,! which presumably reflects its 
more specific action at the neuromuscular junc- 
tion and its comparative lack of muscarinic 
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effects. It also appears that if spontaneous re- 
covery of twitch strength, either using single 
twitch or the first twitch of a train-of-four as the 
criterion, to at least 10 percent of control bas 
occurred, edrophonium causes a considerably 
more rapid and complete recovery of neuro- 
muscular function.':? These factors have led one 
commentator to suggest that edrophonium may 
now be the anticholinesterase of choice when 
reversing non-depolarising neuromuscular block- 
ade.° 

However, a recent report utilising single twitch 
monitoring has suggested that, if the degree of 
block is profound, with single twitch depression 
greater than 90 percent, neostigmine acts more 
rapidly than edrophonium in reversing vecur- 
onium or pancuronium induced blockade. The 
same study also reported that when reversing a 
dense atracurium induced block, there was no dif- 
ference between the two anticholinesterases.* 
These observations support the previously noted 
possibility that the speed and completeness of 
reversal using different anticholinesterases varies 
according to the particular relaxant which has 
been administered.” Differences such as this may 
be more easily demonstrated using a different 
mode of nerve stimulation than the single twitch. 

The train-of-four pattern of stimulation® has 
gained wide acceptance as a method of quantify- 
ing neuromuscular blockade. One practical 
advantage of this mode of stimulation is that each 
train acts as its own control and it is therefore 
unnecessary to know the initial twitch strength 
before administering the neuromuscular blocker. 
It has previously been demonstrated that if the 
ratio of the fourth to the first twitch (T4 ratio) is 
0.5 or more after atracurium induced blockade, 
then this is associated with a clinically safe degree 
of reversal.? Our study has again confirmed this 
observation as none of our patients demonstrated 
any symptoms which could be attributed to 
residual curarisation. 

Whatever method of monitoring neuro- 
muscular blockade is used, it is essential that it 
should allow for the clear definition of safe 
reversal of block. It has been demonstrated that 
a single twitch may not be reduced, even though 
75 percent of the cholinergic receptors are oc- 
cupied.® We therefore compared speed of reversal 
using train-of-four, rather than single twitch stim- 
ulation. Using this method we have demonstrated 
that, overall, edrophonium causes a more rapid 
reversal of a dense atracurium induced block to 


clinically safe levels. Although it appears that 
doubling the dose of edrophonium from 0.5 to 1.0 
mg/kg does not reduce the time to safe reversal, 
if the dose of neostigmine is doubled from 0.04 to 
0.08 mg/kg, then the speed of reversal approaches 
that obtained using edrophonium. 

There is also evidence that reversal with edro- 
phonium is quantitatively different from that with 
neostigmine. It appears that the former has more 
‘anti-fade’ properties than the latter.? The 
evidence for and against a pre- and postjunctional 
mechanism for fade has been discussed by 
Bowman.'° Available evidence appears to favour 
an action of nondepolarising relaxants on pre- 
junctional receptors or ion channels, so that fade 
occurs by a reduction in the movement of axo- 
plasmic acetycholine into the vesicles, where it 
would be available for immediate release. It has 
also been demonstrated that not only do different 
degrees of fade occur during spontaneous offset 
of blockade compared to onset, but that different 
relaxants cause different degrees of fade at similar 
ratios of first twitch depression.'' One ex- 
planation for this phenomenon is that each agent 
has different affinities for prejunctional sites. 
Similarly, the fact that edrophonium and neo- 
stigmine may have a different spectrum of activity 
at these sites may, at least partially, explain the 
former’s rapid action, particularly when a lessen- 
ing of train-of-four fade is used as the criterion 
for reversal. 

In conclusion, we have demonstrated that, 
using the train-of-four pattern of stimulation and 
clinically safe reversal of neuromuscular block- 
ade as the criteria for adequate antagonism of 
atracurium, edrophonium 0.5 mg/kg is sig- 
nificantly superior to neostigmine 0.04 mg/kg. 
Doubling the dose of edrophonium to 1.0 mg/kg 
does not significantly influence speed of reversal, 
although doubling the dose of neostigmine to 
0.08 mg/kg does improve reversal time, so that it 
approaches that of edrophonium. Our results 
suggest that the reversal of muscle relaxants is 
influenced in clinically important ways by the 
particular relaxant originally administered, the 
degree of spontaneous offset present at the time 
of antagonist administration and the type and 
dose of antagonist administered. It is also 
important, when comparing the results of 
published studies, to be aware that the 
precise method of monitoring the degree of block 
present may influence the findings and con- 
clusions of the authors. 
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Changes in skin thermal clearance 
during anaesthesia 


J. L. SAUMET, C. S. DEGOUTE, A. DITTMAR anb V. BANSSILLON 


Summary 

Thermal and vascular side effects occuring during general anaesthesia are related to skin blood flow. A 
new, noninvasive probe which measures skin thermal clearance, a variable closely related to skin blood flow, 
was used in nine patients under phenoperidine, droperidol, propanidid anaesthesia. Statistically significant 
increases in skin thermal clearance clearly preceded the drop in mean arterial blood pressure and the rise 
in skin temperature. It is concluded that general anaesthesia induced an early increase in skin blood flow 
and that thermal clearance is a better technique than skin thermometry to monitor skin blood flow. 


Key words 


Skin; blood flow. 
Temperature; monitoring. 


Cutaneous vasodilatation is one of the thermal 
and cardiovascular side effects which occur 
during general anaesthesia. The increase in skin 
temperature leads to a thermal deficit which is not 
compensated by shivering. The decrease in 
peripheral vascular resistance is probably a cause 
of the fall in mean arterial blood pressure 
(MABP). The present study was performed in 
order to analyse the time course and amplitude of 
skin blood flow (SBF) variations during general 
anaesthesia in humans. A new, noninvasive probe 
was used for the measurement of skin thermal 
clearance, a physiological variable directly 
related to skin blood flow. Skin temperature, 
arterial blood pressure and heart rate (HR) were 
also monitored. 





Methods 
Subjects and anaesthesia . 


Nine female patients (35-55 years, 56-71 kg) 
anaesthetised for lower limb stripping of varicose 
veins were included in this experiment with their 
consent. One hour after atropine (1 mg intra- 
muscularly), anaesthesia was induced witt. 1 mg 
intravenous phenoperidine and droperidol 5 mg, 
followed by an intravenous infusion of 
propranidid till sleep was achieved. The patients 
were all breathing spontaneously. 


Skin thermal clearance and skin temperature 


Thermal clearance was recorded using a new non- 
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invasive probe produced in our laboratory. It is 
an experimental device and is not commercially 
available. The probe is a disk, 20 mm in diameter 
and 4 mm thick, which can be applied to a 
cutaneous area. The heating device is located at 
the centre of the probe. The skin temperature 
gradient between the centre and the periphery of 
the probe is measured by twelve thermocouples in 
series. Six hot junctions are located at the centre 
and six cold junctions on the periphery. The mean 
skin temperature of the periphery is calculated 
and recorded. The proportional, derivative and 
integrative action of an automatic device main- 
tains a constant temperature gradient of 2°C 
between the centre and the periphery of the probe. 
The regulation of the gradient, which has an 
accuracy of 3/100°C, avoids drift phenomena and 
allows quantitative measurement. The electric 
power necessary to maintain the constant 
temperature gradient is dependent on skin blood 
flow since the heat produced in the centre of the 
probe is washed out proportionally to blood flow. 
The probe was calibrated using physical models 
with thermal conductivity in the same range as 
human skin.* The probe was focused at 1.5 mm 
in the skin. The results were expressed in thermal 
conductivity units: K = 1074 cal/cm/*C/second. 


Protocol 


Patients remained lying on the operating table for 


_20 minutes before the beginning of anaesthesia. 


The ambient temperature was 24.5 (SD 0.5°C). 
Skin thermal clearance and skin temperature 
were continuously recorded on the first inter- 
metacarpa: dorsal space of the left hand. An 
automatic monitor (Mira Electronique) recorded 
mean arterial blood pressure and heart rate using 
the oscillotonometric method. The recording 
began five minutes before and stopped 20 minutes 
after the beginning of the first intravenous injec- 
tion (t = 0). Surgical intervention began after the 
recordings were complete, i.e. £ = 20 minutes. 


Data analysis 


Mean skin thermal clearance, mean blood pres- 
sure and heart rate and skin temperature were 
calculated every minute and compared with the 


. mean values before anaesthesia (analysis of 


variance). A level of p<0.05 was considered 
significant. 
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Results 


During the pre-anaesthetic period, a fairly steady 
state of skin thermal clearance 11.10, (SEM 0.24) 
K, mean blood pressure 113, (SEM 2) beats/min 
34.3 (SEM 0.2) °C heart rate 86.6, (SEM 1.6) 
beats/minute and skin temperature (33.09, SEM 
0.13°C) were observed. After the beginning of 
anaesthesia, statistically significant changes 
(p<0.05) in these measurements occurred 
at t=1, t=3, t=4 and t= 8 minutes respect- 
ively. As shown in Fig. 1, the maximal increase 
in skin thermal clearance, heart rate and skin 
temperature were 11.10, (SEM 0.24) K, 113, 
SEM (2) beats/minute, 34.3, (SEM 0.2) °C and 
occurred at t=4, t= 7 and t= 20 minutes re- 
spectively. Mean arterial pressure reached its 
minimum value 70, (SEM, 2.7) mmHg at t=5 
minutes. 

Figure 2 shows the correlation between mean 
values of mean arterial blood pressure and heart 
rate during the 20 minutes of anaesthesia. During - 
this time, no statistically significant correlation 
was found for mean values of skin thermal clear- 
ance versus blood pressure, heart rate or skin 
temperature. 

Maximum skin thermal clearances recorded in 
our nine patients were significantly correlated 
with their maximum heart rates (p<0.01) 
and with their maximum skin temperatures 
(p<0.05, Fig. 3). No correlation was found 
between maximum skin thermal clearance and 
the minimum MABP for our nine patients. 

Discussion 

The noninvasive and nonradioactive methods 
used to measure skin blood flow are indirect 
plethysmography and skin thermometry. Strain 
or mercury gauge plethysmography can be used 
only on a limb and is influenced by variations in 
both skin and muscular blood flows. This method 
has already been used to analyse vascular changes 
during heat stress,?:? a condition in which mus- 
cular blood flow does not change. However, it 
cannot be extended to general anaesthesia, since 
anaestheic drugs are pharmacologically active 
both on skin and skeletal muscle blood flows. 
Plethysmography using photocell detectors and 
skin thermometry can be used on any skin surface, 
but are considered as qualitative techniques at 
best. 

Since the first description of the thermal clear- 
ance method and its first application, this method 
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Fig. 1. After phenoperidine droperidol propanidid 

infusion (t = 0) skin thermal clearance, heart rate and 

skin temperature increase while mean arterial blood 

pressure decrease. These parameters are represented as 
mean SEM. 


has often been used.'*~® Challoner greatly 
improved this heat clearance technique.* The 
probe used in the present study differs from that 
of Challoner in that there is better control of the 
centre periphery thermal gradient, the possibility 
of calibration in thermal conductivity units, and 
the possibility of continuous recording from any 
part of the body. The heat clearance technique 
has already been used to measure changes in skin 
blood flow by Thomson? during the induction of 
anaesthesia. His results show that a significant 
increase in the apparent skin blood flow was 
induced by thiopentone, halothane or cyclo- 
propane. However, this author did not give 
information on the time course of the changes 
during anaesthesia. 


In the present study, the use of the thermal 
clearance method allows early detection of in- 
creases in skin blood flow. This increase results 
from a decrease in the vascular sympathetic tone 
induced by anaesthetic drugs. The change pre- 
cedes the drop in blood pressure, suggesting a 
causal relationship between these two 
phenomena. Total body skin flow ranges from 
about 210 ml/minute in the cold to 8 litre/minute 
during maximal heating.” Therefore, increases in 
skin flow can cause the decrease in mean arterial 
pressure. Indeed, it is known that vasodilata- 
tion of splanchnic vessels occurs simultaneously 
with the increase in skin flow and both phenomena 
are responsible for hypotension. 

A good barorefiex response to the decrease in 
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Fig. 2, Mean values of mean arterial blood pressure 
and heart rate were negatively correlated during the 20 
minutes of anaesthesia. 
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Fig. 3. Relationship between maximal changes in skin 
thermal] clearance and skin temperature. 


blood pressure occurred in our patients since the 
increase in heart rate correlated with the decrease 
in mean pressure. The increase in skin blood flow 
was responsible for an increase in skin tem- 
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perature since the ambient temperature was 
constant. Maximal changes in skin thermal clear- 
ance and in skin temperature were correlated; 


- skin thermometry has often been used to evaluate 


skin flow. Our results show that changes in 
thermal clearance occurred significantly before 
the increase in skin temperature. The thermal 
probe appeared to be a better device than skin 
thermometry for monitoring skin flow and for 
detecting small changes in vascular sympathetic 
tone during general anaesthesia. 
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The effect of halothane on cerebral electrical activity 
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ment using the cerebral function analysing monitor (CFAM) 


KATHRYN J. WARK, P. S. SEBEL, C. VERGHESE, D. E. MAYNARD anp S.J. W. 
EVANS 


Summary 


Recordings of cerebral electrical activity were obtained using the cerebral function analysing monitor 
Jrom eight unpremedicated patients anaesthetised with increasing concentrations of halothane in oxygen. 
The amplitude of the processed EEG increased at one and decreased at two minimal alveolar concen- 
trations. The frequency distribution of the weighted EEG signal showed a linear increase of delta activity 


with a corresponding decrease in beta activity with increasing concentrations of halothane. 


Key words 
Monitoring; electroencephalography. 


The cerebral function analysing monitor 
(CFAM)!/? is a microprocessor based develop- 
ment of the cerebral function monitor.’ It 
provides a continuous detailed analysis of 
amplitude trends and frequency distribution of 
the weighted electroencephalographic (EEG) 
signal derived from a single pair of surface 
electrodes. 

A previous study with the CFAM in patients 
anaesthetised with thiopentone, nitrous oxide, 
oxygen, halothane,? demonstrated that anaes- 
thesia was associated with a gradual decrease in 
weighted EEG amplitude and an increase in lower 
frequency activity. When nitrous oxide was 
stopped, there was an immediate steep rise in 
weighted EEG amplitude, accompanied by 
activity in the higher frequency bands. Nitrous 
oxide used alone in healthy volunteers* produces 
a decrease in amplitude, with no consistent or 
specific frequency changes. This study was 


designed to assess the effects of increasing con- 
centrations of halothane, used alone, on cerebral 
electrical activity. 


Methods 


Following local Ethical Committee approval, 
eight consenting unpremedicated pazients 
(ASA T), six female, two male, mean age 36.3 (SD 
4.0) years were studied. The recording electrodes 
used were silver/silver chloride dome electrodes, 
attached to the scalp with collodion, and electro- 
conductive jelly inserted under the dome after 
abrading the scalp. The biparietal position was 
chosen in this study, as this area normally has 
high amplitude EEG (minimising the signal to 
noise ratio), is least affected by scalp muscle 
activity, is relatively free from eye movement 
artefacts and is not easily disturbed by anaes- 
thetic manipulations. CFAM recording was zom- 
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menced 5 minutes prior to induction, with the 
patient awake and breathing air. Each subject 
was fully monitored with regular recordings of 
blood pressure, pulse rate and respiratory rate 
and temperature using a Datascope BP monitor 
and ECG. Anaesthesia was then induced with 
oxygen and halothane and continued, following 
suxamethonium and tracheal intubation, using 
intermittent positive pressure ventilation with a 
Manley Ventilator. The patients were maintained 
for 15 minutes sequentially at concentrations of 
one, and then two, minimal alveolar concentra- 
tions (MAC) (0.7 percent and 1.5 percent) end- 
tidal halothane in oxygen, measured using 
an Engstrom Emma. Ventilation was adjusted 
to maintain an end-tidal carbon dioxide 
(measured with a Gould Godart Mk H cap- 
nograph) of 4-5 percent. A continuous CFAM 
recording was made 5 minutes prior to induction, 
15 minutes at each MAC. The CFAM data 
were transmitted at l-minute intervals to 
magnetic tape for off-line analysis. Data 
are presented as mean (SEM) and statistical 
analyses were with one way repeated measures 
analysis of variance (BMDP2V) with orthogonal 
decomposition. This method makes proper 
allowance for the fact that observations at dif- 
ferent times are made on the same subjects 
(hence, repeated measures). Orthogonal de- 
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composition of ANOVA is able to assess linear 
and curvilinear trends over time. The frequency 
data were analysed as the logarithm of the 
delta/beta ratio. The logarithm of the ratio was 
used because ratios have a positively skew dis- 
tribution whereas their logarithms are more sym- 
metrical. 


Results 


The CFAM trace from one subject is shown in 
Fig. 1. The trace is representative of recordings 
from all subjects and shows an increase in 
amplitude at IMAC and a decrease at 2MAC, 
which did not return to pre-induction values 
during the period of this study. 

Pooled minute mean data from the digital tape 
recordings of CFAM amplitude and frequency 
from all subjects for the pre-induction period, 
and the first and last 5 minutes of IMAC and 
2MAC were used for statistical analyses (Table 1). 
In two subjects, the study was discontinued at 
2MAC aalothane because the systolic blood 
pressure fell below 80 mmHg. There was a 
statistically significant change with time in mean 
amplitude. This increased at IMAC and decreased 
at 2MAC. Analysis of data from 10th and 90th 
centiles of the EEG amplitude showed similar 
results. 









; zA 


IMAC 


Fig. 1. Trace of the CFAM from one of the patients studied. The top line is the time marked in minutes. The 

amplitude tracing shows the 90th centile, mean and 10th centile. The lower half of the tracing shows, going down, 

muscle activity, beta, alpha, theta and delta band activity (each expresszd as a percentage activity) very low frequency 

activity, burst suppression and impedance. The weighted EEG amplitude increased at 1 MAC and decreased at 

2MAC but did not return to pre-induction levels. The frequency distribution showed an increase in delta and theta 
activity and a decrease in beta and alpha activity with increasing concentrations of halothane. 
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Table 1. Amplitude changes with halothane 





Mean amplitude SEM 
Pre-induction 58.9 (3.37) 
First 5 minutes IMAC 69.4 (2.94) 
Last 5 minutes IMAC 71.2 (2.71) 
First 5 minutes 2MAC 64.0 (2.80) 
Last 5 minutes 2MAC 63.6 (2.69) 


F=7.61; p<0.007. 


Table 2. Frequency changes with halothane 


g a SEM 
Pre-induction — 0.517 (0.180) 
First 5 minutes IMAC 0.067 (0.255) 
Last 5 minutes IMAC 0.028 (0.245) 
First 5 minutes 2MAC 0,346 (0.266) 
Last 5 minutes 2MAC 0.500 (0.212) 


F= 3.81; p<0018. 


Visual analyses of the frequency data (Fig. 1) 
as displayed on the CFAM traces of all subjects, 
showed a progressive decrease in beta activity 
with a progressive increase in delta activity with 
increasing concentrations of halothane. These 
data (Table 2) were analysed at the same time 
points as the amplitude data using the logarithm 
of the ratio of delta to beta bands. The most 
significant term in the orthogonal decomposition 
was the first order (linear) term (F= 8.68; 
p<0.03), indicating that the change was linear, 
i.e. with increasing concentrations, the amount of 
delta band activity increased and the amount of 
beta activity decreased. With increasing con- 
centration of halothane, log delta to beta ratio 
increased from —0.517 (delta one third of beta) 
pre-induction to + 0.500 (delta three times beta) 
at 2MAC (Table 2). There is a rise in this value 
at the first 5 minutes of IMAC. If alpha and beta 
activity are summed and compared with the sum 
of delta and theta activity, then similar results are 
obtained. 


Discussion 


The usefulness of the EEG as an intra-operative 
monitor has been debated since the report by 
Gibbs and colleagues in 1937, of the occurrence 
of EEG changes during the administration of 
general anaesthetics.* EEG monitoring (using 
either the raw signal or some kind of processed 
EEG) has been recommended as useful for 


cerebrovascular surgery, cardiopulmonary 
bypass, ™® deliberate hypotension and a measure 
of anaesthetic depth.?-!° However, practical con- 
siderations, such as the size and complexity of the 
equipment, the need for a technician and the 
difficulty of making intra-operative inter- 
pretations of the EEG, have limited the 
popularity of the EEG as an intra-operative 
monitor.?} 

Monitoring depth of anaesthesia using the 
EEG has been relatively unsuccessful. Early work 
in this area concentrated on the EEG changes 
resulting from large variations in anaesthetic con- 
centrations.'7!3 The widespread use of muscle 
relaxants and much lighter levels of anaesthesia 
has largely changed this picture, and the useful- 
ness of the EEG in identifying small changes in 
anaesthetic depth is very limited.!*:15 There have 
been numerous reports describing relationships 
between the processed EEG and anaes- 
thetics.”!™!1617 These suggest that information 
contained in the EEG may be sufficient to 
identify even small changes in anaesthetic depth, 
but that these changes are too small to be identifi- 
able by routine analytical techniques, i.e. visual 
inspection. Only through automated analyses can 
these changes be identified and displayed for 
clinical use. 

Various techniques of automated EEG 
analyses have been described in recent years. 
These include CFM and CFAM, which are com- 
mercially available. Power spectrum analyses are 
being studied now, in more detail.'®-19 All require 
special purpose electronic equipment not gen- 
erally available. The CFM represents one extreme 
of the spectrum of devices that process the EEG, 
compressing all of the frequency and amplitude 
information in the EEG into a single tracing.* 

The CFAM produces a detailed plat of 
amplitude trends and separate traces of the per- 
centage activity in each of the classical EEG 
frequency bands. Its clinical application has been 
studied during intravenous anaesthesia and has 
been shown to be useful in monitoring depth of 
anaesthesia.?° It has also been used during general 
anaesthesia with thiopentone, nitrous oxide, 
oxygen and halothane.? During maintenance of 
anaesthesia with patients breathing 2 percent 
halothane, there was a gradual decrease in EEG 
amplitude and a shift towards slower frequency 
EEG activity. Discontinuation of nitrous oxide 
resulted in a marked increase in EEG amplitude 
and an increase in alpha and beta band act:vity. 


La 


Discontinuation of halothane resulted in smaller 
alterations in the CFAM trace. 

The results of a CFAM study‘ using nitrous 
oxide in increasing concentrations with healthy 
volunteers has shown that there was a gradual 
decrease in the EEG amplitude with increasing 
concentrations, and on discontinuation of the 
nitrous oxide there was a sharp rise in amplitude, 
demonstrating that the changes seen in the 
previous study were due to nitrous oxide. There 
were inconsistent and unreliable changes in the 
frequency bands. 

In this study there was a shift in the amplitude 
with increasing concentrations of halothane, with 
an increase at IMAC followed by a decrease at 
2MAC. That the changes are not more marked 
during halothane anaesthesia is probably a result 
of the method of processing used, as the bands are 
filtered to attenuate the very low frequency activity 
(<1Hz). The frequency data were analysed 
using the logarithm of the ratio of beta to delta 
activity. The ratio initially showed a rise, i.e. an 
increase in beta activity relative to delta. This is 
interpreted as a deepening level of anaesthesia, as 
the patient often required a large inspired con- 
centration of halothane for induction of anaes- 
thesia. This was followed by a statistically sig- 
nificant increase in the ratio, i.e. an increase in the 
slower frequency or delta band activity, with a 
corresponding decrease in the faster or beta band 
activity. There was a wide variation in these 
results, as shown by the standard errors. There- 
fore, of the changes in the initial study with a 
general anaesthetic? the amplitude changes are 
largely due to nitrous oxide, and this present 
study demonstrates that the frequency changes 
are due to halothane. 

The changes that we have shown with halo- 
thane on the CFAM correspond to the EEG 
changes as described by Stockard and Bick- 
ford.?! They showed that with increasing MAC 
values of halothane, there was a shift of power to 
the delta band. At 4MAC, almost all power is 
contained in 0.5Hz, 250 uV delta waves (even 
with normocapnia and normotension). This 
concentration was reached in only one patient; 
the ceiling for most of the other patients was 2-3 
MAC, due to the hypotensive effect of the agent. 
This is also reflected in our results. 

The Engstrom Emma was used to monitor the 
end-tidal halothane concentration. When com- 
pared with a laboratory interferometer, the 
EMMaA was linear between 0.2 percent and 4.5 
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percent for all carrier gases, and there was a 
correlation coefficient of 0.999.272? Water vapour 
produced increasing cross-sensitivity as a function 
of temperature.?*-?* In this study, the body tem- 
perature remained constant to within 0.5°C and 
the water vapour content was not thought to be a 
problem as we were using a Manley ventilator 
and a non-rebreathing system for a relatively 
short procedure. 

The effect of suxamethonium on the EEG pat- 
tern has been described as either low voltage fast 
waves or high voltage slow waves, shown in 
children end adults.275 They appeared several 
seconds after the appearance of muscle fascicula- 
tions and returned to the prestimulation pattern 
within 5-10 minutes if no further stimulation was 
applied. Low voltage fast (LVF) waves appeared 
in the older patients. The effects of suxa- 
methoniurm would have worn off before we 
achieved stability at IMAC halothane. 

We have shown that changes in processed 
EEG, as measured by the CFAM, are consistent 
during halothane anaesthesia. The CFAM there- 
fore represents an advance over the CFM in 
giving both amplitude and frequency informa- 
tion. Whether it will be useful as a clinical tool 
for monitoring anaesthesia requires further 
investigation. 
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CASE REPORT 


Anaesthesia for congenital analgesia 


A case report 


P. R. LAYMAN 


Summary 


Bilateral amputations were performed without analgesia on a patient with congenital insensivitivity to pain 
(congenital analgesia). Positioning, vasomotor control and possible sensitivity to anaesthetic drugs are 


discussed. 


Key words 
Analgesia; congenital. 


Congenital insensitivity to pain (con- 
genital analgesia or hereditary sensory and 
autonomic neuropathy) is a rare condition that, 
despite the apparent paradox, requires anaes- 
thetic management. This case report discusses 
some points that are applicable both to this case 
and to the more common sensory neuropathies. 


Case history 


I.P. was 33-years-old when he appeared on an 
orthopaedic surgery list for bilateral amputation. 
He had first presented at the age of 2 years with 
marked bowing of his legs, several septic spots 
and a raw right thumb which he chewed. At the 
age of 5 years he was noted to have ulcerating 
lesions of his hands and feet and several healing 
bony lesions of different ages. The diagnoses of 
osteodystrophy or congenital insensitivity to pain 
were suggested and by the age of 7 years it was 
clear that he had congenital analgesia. 

At the age of 13 years he had developed the 
destructive arthropathy of Charcot in both ankles 
and his left knee, which was later ankylosed to 


improve stability of his leg. At the age of 16 years 
his mobility was very poor. He could move 
around the house by himself but needed a wheel- 
chair outside. He continued to have indolent 
ulcers of his heel, ankles and fingers. During this 
time, blood tests and injections were painless al- 
though he could feel the passage of the needle 
through the skin. His fingers deteriorated to such 
an extent that amputation of several of them was 
necessary and was performed without anaes- 
thetic, although diazepam was used for sedation. 
A year later he burnt what was left of his right 
index finger while smoking. 

He was noted to'be wheelchair bound at pre- 
operative assessment, and had nicotine-stained 
stumps where his fingers had been removed. The 
feet were swollen and severely ulcerated. He had 
no fear of needles, and was looking forward to the 
operation a3 a way of improving his mobility. He 
was shown to have absence of pinprick sensation 
distal to the groins and axillae on both sides. 
There appeared to be normal sensitivity on the 
trunk and the tendon reflexes that could be tested 
were preserved. Blood pressure and pulse were 
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Fig. 2. Huge indolent ulcer on sole of foot. 


within normal range as was the electrocardio- 
gram and chest radiograph. Haemoglobin was 
13.1 g/dlitre and Wasserman reaction was 
negative. 


Anaesthesia 


After discussion with the patient and the sur- 
geons, it was decided to perform the amputations 
under sedation, as this had proved successful for 
the finger amputations, and was less likely to 
cause cardiovascular instability, although there 
were no overt signs of loss of vasomotor control. 
Tourniquets on each thigh would be used to 
minimise blood loss. Temazepam 10 mg was 
given | hour pre-operatively. 

He was positioned carefully on a sheepskin on 
the operating table with adequate padding for the 
arms. He was given oxygen at 4 litre/minute to 
breathe via a Hudson’s mask, and a large intra- 
venous cannula (14-gauge) was placed without 
anaesthetic and without pain in his forearm. 


Blood pressure and pulse were monitored 
frequently and the electrocardiogram was dis- 
played. Midazolam was given intravenously in 
increments of 2 mg (to a total of 20 mg) to main- 
tain adequate sedation, and thiopentone was 
given in 50 mg increments totalling 70C mg over 
the 3 mg increments totalling 700 mg over the 3- 
hour operation. No analgesics were needed. 
There was no cardiovascular response to skin 
incision or division of the bones. Clamping of the 
nerve trunks in the popliteal fossa, however, 
produced a flexion response lasting a few seconds 
but caused no apparent distress, except to the 
surgeons. 

The operation otherwise proceeded unevent- 
fully. He had amnesia for the entire surgical 
procedure. His wounds healed well and he was 
discharged 4 weeks later. 


Discussion 


The anaesthetist is more likely to meet varying 
degrees of acquired insensitivity to pain rather 
than the rare congenital types. Examples of the 
acquired variety are seen in diabetes, tabes 
dorsalis, the neuropathic form of leprosy, hemi- 
section of the spinal cord (Brown-Séquard 
syndrome—unilateral loss of pain and tem- 
perature sensation) and syringomyelia (bilateral 
loss of pain and temperature sensation in the 
upper limbs). In addition, a large number of drugs 
can cause a peripheral neuropathy. 

The group of patients with congenital in- 
sensitivity to pain can be subdivided accarding to 
their vasomotor instability, absence of sweating 
and other neurological features.2~* Our patient 
had insensitivity to pain, but apparently normal 
sensitivity to tactile stimuli, with preserved 
tendon reflexes, muscle power, and no loss of 
vasomotor control. Some may have total absence 
of pain, others such as our patient, may have 
distal loss with islands of normal sensation. 

The mechanism of congenital insensitivity to 
pain is not well understood. Total absence of pain 
sensation has been produced experimerctally in 
newborn rats by the use of the drug capsaicin, 
which destroys small unmyelinated nerve fibres.* 
Sural nerve biopsies in human patients with here- 
ditary insensitivity to pain also show a diminu- 
tion in the number of small fibres, but this does 
not exclude the possibility of non-functioning 
nociceptors or a central insensitivity to pain.?° 
Endogenous opiates have been implicated as a 


possible explanation and naloxone has been 
shown to have a pain-restoring effect in one 
patient, but to have no effect in others.” 

For many years, our patient showed the 
destruction that occurs when undue pressure, 
which would otherwise be painful, is ignored. 
Management of the individual patient with some 
degree of insensitivity to pain, should take into 
account this susceptibility to pressure ulceration 
of the skin. Attention to careful positioning on 
the operating table and generous padding is 
necessary, and rapid emergence from anaesthesia 
may help to prevent postoperative pressure 
problems. 

There is a tendency for vasomotor instability, 
especially in the variety of congenital analgesia 
called familial dysautonomia.® Prediction of this 
in other neuropathies is difficult, and the Valsalva 
manoeuvre as a test of sympathetic reflexes 
has been shown to be unreliable as a predictor 
of orthostatic hypotension.1° Appropriate 
monitoring and measures to control the blood 
pressure should be available, and careful 
measurement of intra-operative blood loss is 
essential. The common indicators of depth of 
anaesthesia may not be valid and the patient with 
islands of normal sensation is likely to react 
briskly if surgical procedures encroach on the 
normal areas. Our patient did not show any of 
these problems. 

There may be sensitivity to some drugs and a 
case of suxamethonium apnoea has ‘been 
reported.™? The possibility of postoperative 
respiratory inadequacy has to be considered as 
with other neurological diseases when long 
acting neuromuscular relaxants are used. 

The general principles of the management of a 
case of insensitivity to pain have been discussed. 
In addition to being a medical curiosity, this 
group of conditions may help in the understand- 
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ing of the complex physiology of acute and in- 
tractable pain. 
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CASE REPORT 


Raynaud’s phenomenon precipitated by blood transfusion 


JULIA K. MOORE anp D. W. PROCTOR 


Summary 


A patient undergoing surgery with spinal anaesthesia received a transfusion of concentrated red cells. 
Whenever the rate of blood transfusion reached a certain critical value, the symptoms and signs of 
Raynaud's phenomenon appeared in the hand distal to the site of the intravenous cannula. Possible causes 


of this transfusion-induced vasospasm are discussed. 


Key words 


Transfusion; stored blood. 
Complications; Raynaud’s phenomenon. 


Uncomplicated Raynaud’s disease does not 
usually pose a problem for the anaesthetist. We 
report a case where blood transfusion pre- 
cipitated intense vasospasm. 


Case history 


A 46-year-old female presented with severe 
unilateral osteoarthritis of the hip. She had been 
grossly overweight for years, but had managed to 
reduce her weight from twenty stones to twelve 
stones prior to total hip replacement. A non- 
smoker, she had an uneventful anaesthetic 7 years 
previously. On admission she was taking 
naproxen 500 mg twice daily and fenoprofen 400 
mg as required for analgesia. History and clinical 
examination were unremarkable. 

She was premedicated with papaveretum 15 mg 
and hyoscine 0.3 mg administered intra- 
muscularly. Under local anaesthetic infiltration 
with 1 percent plain lignocaine 0.5 ml, an intra- 
venous cannula (14-gauge) was introduced at the 





left wrist and an infusion of the warmed. com- 
pound sodium lactate solution was commenced. 
A spinal anaesthetic was administered using 
3.5 ml of 0.5 percent plain bupivacaine. This. 
produced a bilateral sensory blockade to the level 
of Ts. One litre of compound sodium lactate solu- 
tion was infused over the next 80 minutes, then, 
as blood loss increased, 500 ml of polygeline was 
infused over 20 minutes. This did not produce any 
symptoms or signs of histamine release. Blood 
transfusion was then commenced with filtered 
concentrated red cells and, after 100 ml had been 
delivered, a pressure infuser was used to speed the 
rate of delivery. Immediately, the patient com- 
plained of severe pain in the hand and fingers 
which, on inspection, were blanched with a clear 
demarcation line at the wrist. The transfusion 
rate was slowed and the fingers became cyanosed, 
then gradually returned to normal and the pain 
subsided. The radial pulse was palpable and 
unchanged throughout. This cycle was repeated 
each time the transfusion rate was increased, with 
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pain radiating into the forearm but no other 
systemic complaints. The blood warmer was 
functioning and the patient was closely moni- 
tored for signs of a generalised transfusion re- 


action, but none were noted. There was no. 


positional restriction to the venous drainage of 
the limb and the sphygmomanometer cuff was on 
the other arm. A second unit of concentrated red 
cells produced the same effect. Both units of 
blood were viable for a further 11 days before 
expiry. Partial relief was afforded by the intra- 
venous injection of 1 percent plain lignocaine 5 ml 
through the cannula, after exsanguination of the 
hand and forearm, but discomfort gradually 
recurred as transfusion was continued and the 
patient was then sedated with 2 mg of midazolam. 
A further two units of blood were transfused over 
8 hours in the recovery ward. The patient’s 
axillary temperature was 35.8°C on arrival in the 
recovery ward and rose to 36.8°C within the first 
2 hours. 

On direct questioning the patient described 
Raynaud’s syndrome in her hands and feet over 
many years, usually following exposure to cold, 
which suggested Raynaud’s phenomenon rather 
than any other cause of arterial vasospasm. She 
was reviewed 3 months postoperatively, when 
haematological and biochemical tests, serum 
immunoglobulins and serum protein electro- 
phoresis were normal. Rheumatoid factor was 
negative. DNA binding capacity was normal and 
antinuclear factor was positive at 1/1000. There 
was no evidence of any other underlying disorder 
and she was simply advised to avoid exposure to 
cold. 


Discussion 


In the case described, localised Raynaud’s 
phenomenon developed during the infusion of 
concentrated red cells above a critical flow rate, 
despite warming to body temperature, in a 
patient undergoing surgery with spinal anaes- 
thesia. 

Raynaud’s syndrome has been defined as inter- 
mittent vasospasm of the arterioles of the distal 
limbs, often following exposure to cold or 
emotional stimuli. It may be associated with 
underlying diseases, notably scleroderma, or may 
occur alone when it is known as Raynaud’s 
disease. True Raynaud’s disease occurs mostly in 
young females and is most common in the upper 
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limbs.1 The aetiology is unknown, but over- 
activity of the sympathetic nervous system with 
excess production of neurotransmitter, or inter- 
ference with the inactivation of noradrenaline 
have been postulated.? Pallor and cyanosis are 
precipitated by arterial vasoconstriction of the 
digital arteries with stasis of blood, followed by 
erythema and oedema when the arteries reopen. 
Numbness and pain often occur during the 
attacks and the ischaemic episode is followed by 
burning and throbbing pain. 

Treatment is aimed at avoiding precipitant 
factors and abstinence from cigarette smoking. 
Arterial spasm may be relieved by intravenous 
reserpine? or guanethidine* into a tourniquet- 
isolated limb, and a-adrenergic antagonists have 
also proved useful.’ Sympathetic blockade may 
be induced by stellate ganglion or lumbar 
sympathetic block and produces vasodilatation 
of the limb with symptomatic relief.® 

There are no specific recommendations as to 
the choice of drugs to produce general anaes- 
thesia. Maintenance of body temperature and the 
warming of infusion fluids is logical and a non- 
invasive technique is advisable for the measure- 
ment of blood pressure if possible. Regional 
anaesthesia has been recommended, but 
adrenaline should be avoided as prolonged vaso- 
constriction has been reported, with sensory 
deficits in the fingers lasting for 24 hours after 
axillary block with 1.5 percent lignocaine con- 
taining adrenaline 1:100 000.7 

Pain and unilateral cyanosis have been 
reported following the injection of local anaes- 
thetic around the wrist® and have also followed 
the intravenous injection of methohexitone® in a 
patient with scleroderma. In that report it was 
suggested that the tight skin may have impaired 
venous return with retrograde flow to small veins 
and capillaries, thus provoking vascular spasm. It 
is difficult to explain why our patient did not 
develop pain with the rapid infusion of crystal- 
loid, but only with the infusion of concentrated 
red cells. An‘increase in viscosity of the blood, 
associated with a raised plasma fibrinogen con- 
centration and increased red blood cell aggrega- 
tion has been reported in Raynaud’s disease,!° 
and this may lead to sludging and slowing of 
blood flow. It may be that, once a critical 
transfusion rate was reached, the viscosity of the 
concentrated red cells was sufficient to alter flow 
characteristics in the arm; the resultant retro- 
grade flow or stasis within the small vessels of the 
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hand caused ischaemia and precipitated Ray- 
naud’s phenomenon. An agent specific to the 
transfused blood is unlikely, as no problems were 
encountered with the transfusion until the rate 
was increased, and the problem recurred with the 
second unit of blood. All transfused fluids were 
warmed to body temperature and a temperature 
provoked response is therefore unlikely. 
Fortunately, our patient had received no 
sedation other than premedication and she was 
able to complain immediately. Had she been 
heavily sedated, or received a general anaes- 
thetic, the ischaemia might not have been noticed; 
all four units, transfused rapidly, might have 
resulted in potentially serious sequelae. 
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CASE REPORT 


Accidental spinal anaesthesia following intrathoracic 
intercostal nerve blockade 


A case report 


M. R. J. SURY anD R. M. BINGHAM 


Summary 


A case of high spinal anaėsthesia following intrathoracic intercostal nerve blockade is described and the 


possible causative mechanisms are discussed. 


Key words 


Anaesthetic techniques, regional; intercostal. 
Complications; hypotension. 


Spread of local anaesthetic agent from the site of 
injection has been described following a variety of 
local anaesthetic blocks and may unexpectedly 
result in serious complications. +? We report one 
such complication, high spinal anaesthesia, 
following intrathoracic, intercostal nerve block- 
ade, which has been hitherto unreported in the 
British literature. 


Case history 


A 66-year-old, 65-kg woman presented with a 10 
week history of progressive hoarseness, as- 
sociated with a dry cough. She was a non-smoker 
and otherwise asymptomatic. Nine years 
previously she had a sigmoid colectomy for a, 
stage Duke’s A, colonic carcinoma and later 
that year she had another laparotomy for division 
of adhesions. There were no anaesthetic problems 
associated with either procedure. Routine 
physical examination was unremarkable, but 
indirect laryngoscopy revealed a left vocal cord 
paresis. A chest X ray showed a mediastinal mass 





close to the hilum of the right lung, but broncho- 
scopy was normal. Thoracic computerised tomo- 
graphy scan showed two masses, one posterior to 
the superior vena cava and the other subcarinal. 
These were felt to be inaccessible to mediastino- 
scopy and a thoracotomy was planned, to provide 
a tissue diagnosis. 

Premedication of papaveretum 15 mg and 
hyoscine 0.3 mg was given one hour prior to intro- 
duction of anaesthesia with thiopentone 400 mg 
and papaveretum 4 mg. An 8-mm tracheal 
tube was passed with the aid of suxamethonium 
75 mg and anaesthesia was maintained with 60 
percent nitrous oxide in oxygen and 0.5 percent 
halothane. Her lungs were mechanically ventilated 
and neuromuscular blockade was maintained with 
a total of 10 mg alcuronium. The procedure lasted 


°90 minutes and blood loss was estimated at 


400 ml. Before chest closure,-intrathoracic inter- 
costal nerve blocks were performed under direct 
vision at the angle of the 4th, 5th and 6th ribs, using 
a total of 10 mi of 0.5 percent bupivacaine with 
1: 200000 adrenaline. Shortly afterwards, the sys- 
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tolic arterial blood pressure fell to 60 mmHg from 
its previously stable level of 100 mmHg and the 
heart rate decreased from 70 to 60 beats/minute. 
The patient appeared peripherally vasodilatedand 
an infusion of 1000 ml of gelatin solution restored 
the blood pressure to its previous value. 

Postoperatively she seemed unduly slow to 
wake up and her pupils were noted to be dilated 
but reacting to light. She failed to resume 
spontaneous ventilation despite adequate 
reversal of neuromuscular blockade with 2.5 mg 
neostigmine. Confirmation of adequate reversal 
of neuromuscular blockade was made using a 
peripheral nerve stimulator. Following naloxone 
0.4 mg she was able to open her eyes to command 
but otherwise did not move or breathe. At this 
Stage, she was able to communicate with facial 
movements and it was established that she had no 
pain from the thoracotomy site. Pinprick sen- 
sation was absent, except in the distribution of the 
5th cranial nerve. A diagnosis of high spinal 
anaesthesia was made and she was transferred to 
the intensive therapy unit awake, comfortable but 
still requiring artificial ventilation. Six hours later 
spontaneous respiratory efforts commenced and 
she was weaned easily from mechanical ven- 
tilation. She was found at this time to have no 
residual neurological impairment. 


Discussion 
There is little doubt that this patient had 
developed high spinal anaesthesia. Immediately 
following the intercostal nerve blocks, sym- 
pathetic paralysis was shown by vasodilatation, a 
reduction in heart rate and hypotension respond- 
ing to colloid infusion. Postoperatively, there was 
complete loss of sensation and voluntary motor 
function below the distribution of the cranial 
nerves. Other possible explanations can be ex- 
cluded. The narcotic effect of the anaesthetic and 
premedication was reversed with naloxone, and 
the neuromuscular blockade was adequately 
reversed, as shown by peripheral nerve stimula- 
tion. Intravenous injection of the bupivacaine 
would not cause incomplete paralysis of this dis- 
tribution and an epidural injection of this volume 
of bupivacaine is unlikely to cause such profound 
effects. An injection of 10 ml of bupivacaine into 
the thoracic epidural space could just con- 
ceivably cause a similar clinical picture, but for 
this to have occurred in our patient the surgeon 
would need to inject the epidural space three 


times, next to the three thoracic intercostal 
nerves, 

Accidental spinal anaesthesia has followed 
many local anaesthetic techniques,'~? and there 
have been four previous reports of total or high 
spinal anaesthesia following intrathoracic, :nter- 
costal nerve blockade in the world literaturz.?~° 
There are several explanations which may 
account for this phenomenon. It is possible that 
dural cuffs enclose the spinal nerves to beyord the 
intervertebral foramina between the vertzbrae 
and these may be pierced, giving direct access to 
the cerebrospinal fluid.” Injection into the nerve 
tissue itself may lead to extrafascicular (epineural) 
or intrafascicular (endoneural) distribution of 
local anaesthetic.® Epineural injection results in a 
low pressure (25-60 mmHg) gradient for spread 
of local anaesthetic within the neural tissue and 
spread is poor. Endoneural injection, on the 
other hand, can result in large pressures 
(300-750 mmHg) and more extensive spread. 
Endoneural injections of rabbit sciatic rerves 
have been shown to spread to the spinal cord 
and this may have been the mechanism of spread 
of local anaesthetic in our patient. Other possible 
mechanisms include retrograde axonal transport 
and simple diffusion. 

Spinal anaesthesia is not the only serious 
complication following intercostal nerve block- 
ade. Hypotension has been reported and spread 
of local anaesthetic to the paravertebral space 
and consequent sympathetic blockade has been 
held responsible.” A case of respiratory failure 
was reported following intercostal nerve tlock- 
ade due to paralysis of intercostal muscles in a 
respiratory cripple.° It is possible that spread of 
local anaesthetic to the thoracic spinal cord. as in 
our patient, may also have been responsible for 
these problems. 

These cases illustrate that total or high spinal 
anaesthesia, with their accompanying profound 
respiratory and cardiovascular effects, may 
unexpectedly occur following intercostal and 
other peripheral nerve blocks. This further 
emphasises the necessity for the presence of full 
resuscitation equipment and a persor ex- 
perienced in its use when blocks of this nature are 
performed. 
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CASE REPORT 


Carcinoid syndrome with myasthenia gravis 


An unusual and interesting case 


S. J. KEENS, M. J. DESMOND ann J. E. UTTING 


Summary 


The anaesthetic management of a patient suffering from carcinoid syndrome and myasthenia gravis is 
described including the successful treatment of a carcinoid attack with intravenous aprotonin. Th2 dif- 
ferences between myasthenia gravis and the myasthenic (Eaton-Lambert) syndrome are considered and the 
rationale for the choice of vecuronium as the muscle relaxant is discussed. 


Key words 


Complications; myasthenia gravis, carcinoid syndrome. 


Neuromuscular relaxants, vecuronium. 


Secreting carcinoid tumours are rare and 
myasthenia gravis is uncommon, with an in- 
cidence in the general population of around | in 
30 000.1 The chances of anaesthetising a patient 
with both conditions must therefore be extremely 
remote. We report a case of a patient who had 
these two pathological conditions, since the 
combination presents several interesting prob- 
lems to the anaesthetist. 


Case history 
A 79-year-old man was admitted with symptoms 
and signs of incomplete intestinal obstruction. 
Two years previously he had a laparotomy 
for the same condition and a tumour of the bowel, 
histologically found to be carcinoid, was resected. 
Twelve months after that he was again admitted, 
this time with a three-week history of increasing 
weakness in his legs, abdomen, and back, a two- 
week history of diplopia and facial weakness, and 


troublesome diarrhoea. 

Laboratory investigations at that time showed 
a raised level of 5-hydroxy-indole-acetic acid 
(SHIAA) in the urine (138 zmol/24 hour; normal 
range 15-75 wmol/24 hours) indicating a secreting 
carcinoid tumour. In addition, a positive titre of 
acetylcholine receptor antibodies was present in 
the serum and electromyography demonstrated 
findings typical of myasthenia gravis, with 39 per- 
cent fade ofa train-of-four responses at 2 Hzanda 
progressive decrement to under 50 percent of the 
initial amplitude on stimulation at 50 Hz for 128 
stimuli. A muscle biopsy showed changes com- 
patible with the diagnosis of myasthenia and there 
was short-lived improvement in muscle power fol- 
lowing administration of edrophonium. A 
diagnosis of myasthenia gravis was made ard the 
patient was given pyridostigmine 60 mg three 
times a day, combined with prednisolone and 
azathioprine. This resulted in good retucn of 
motor power. 
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Before his latest admission (a year after the 
diagnosis of myasthenia had been made) there 
had been a 3-month history of colicky abdominal 
pains associated with diarrhoea and a 7-day 
history of postprandial vomiting. At first this was 
managed conservatively with oral fluids, resulting 
in some amelioration of his symptoms, but as 
soon as solids were re-introduced he again began 
to vomit. Nasogastric aspiration and intravenous 
fluids were started and, as all oral intake was 
discontinued, the pyridostigmine was given intra- 
muscularly in a dose of 1 mg five times a day. 

An ultrasound scan demonstrated the presence 
of a mass associated with the bowel, and it was 
decided to proceed to laparotomy. The last dose 
of pyridostigmine was given 10 hours before 


surgery. 


` Anaesthesia 


Induction of anaesthesia was with droperidol 
(5 mg), fentanyl (150 yg), and thiopentone (75 mg 
+ 50 mg). Muscle relaxation was obtained with 
vecuronium 2.4 mg (0.04 mg/kg), and tracheal 
intubation was performed after preliminary in- 
flation with a mixture of nitrous oxide and oxygen 
and spraying the cords with lignocaine 4 percent 
(2 ml). Maintenance of anaesthesia was with 
nitrous oxide and oxygen, without any volatile 
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adjuvant. An arterial line was inserted into the 
radial artery and surgery commenced. 

Apart from a transient decrease immediately 
after induction of anaesthesia, the arterial blood 
pressure was well maintained until a steady fall 
occurred 40 minutes after induction (Fig. 1, upper 
trace). Peripheral cyanosis became marked and 
the face and extremities appeared cold, although 
no bronchospasm was detected. An hour after 
induction of anaesthesia the patient’s blood 
pressure, despite infusion of Hartmann’s solution 
1 litre, was 70/40 mmHg with a pulse rate of 60 
beats/minute. This fall appeared to be associated 
with handling of the bowel and mesentery which 
was covered with small tumour deposits. The rate 
of fluid infusion was not increased, but aprotonin 
200 000 units, was given over 2~3 minutes. Ten 
minutes after this, the patient’s colour had 
improved markedly and his blood pressure had 
risen to 130/60 mmHg (Fig. 1, upper trace). 

There was no further périod of hypotension; 
indeed, blood pressure continued to rise, and for 
the remainder of the operation (40 minutes) was 
between 160/70 mmHg and 170/80 mmHg. 
Further fluid was administered during this 
period, consisting of Hartmann’s solution 500 ml, 
and, towards the end of surgery, blood to 
replace a measured blood loss of 800 ml. Urine 
production during the operation, which lasted 
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Fig. 1. Record of systolic and diastolic blood pressures 

(upper two traces) and of the percentage of the first 

action potential of the train-of-four to control (lower 

trace). A, induction of anaesthesia; B, the injection 

of aprotonin; C, an incremental dose of vecuronium; 
D, reversal of blockade with neostigmine. 
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1 hour 40 minutes, was 200 ml. As the tumour 
deposits were widespread and a recurrence was 
obstructing the small bowel, a bypass operation 
was performed as a palliative measure to relieve 
the obstruction. 

Neuromuscular monitoring. Neuromuscular 
monitoring by electromyography during the 
procedure using the standard train-of-four 
pattern of stimulation, demonstrated that the 
initial dose of vecuronium administered 
(0.04 mg/kg) produced a decrease in the height of 
the first compound muscle action potential to 
2.5 percent of control taken before giving 
the relaxant. Recovery from blockade was 
slow, taking 56 minutes to reach 10 percent 
and 73 minutes to reach 20 percent recovery, 
at which point a small increment of vecur- 
onium (0.005 mg/kg) was administered (Fig. 
1, lower trace). This was in contrast to the 
response of another patient with carcinoid 
syndrome, where vecuronium 0.1 mg/kg 
produced a decrease in height of the first action 
potential to 4.2 percent of control, and recovery 
to 10 percent took 15 minutes, whilst 20 percent 
recovery was reached at 24 minutes. 

Reversal of neuromuscular blockade with 
neostigmine 5.0 mg (administered with atropine) 
was rapid and 7 minutes after the neostigmine the 
first action potential had reached 66 percent of 
control and the train-of-four ratio (ratio of the 
last action potential to the first) was 0.8. Spon- 
taneous ventilation recommenced and recovery 
of consciousness was rapid when the nitrous 
oxide was discontinued. Anticholinesterase 
therapy was re-instituted 90 minutes after the 
neostigmine, when pyridostigmine 1 mg was 
given parenterally. One hour later, the first action 
potential had reached 94 percent of control and 
the train-of-four ratio was 0.98. 


Discussion 
This patient clearly had muscle weakness, al- 
though there were two possible types of myas- 
thenia from which he might have been suffering: 
myasthenia gravis or the myasthenic (Eaton- 
Lambert) syndrome. 

Typically, myasthenia gravis is found in young 
adult females. The history is usually one of 
progressive ptosis and blurring of vision, 
especially when tired. The weakness may involve 
any muscle but is often most severe in the ocular 
muscles. Edrophonium intravenously should 


produce a shortlived improvement in neuro- 
muscular function—a test which may give some 
guide to the possible efficacy of regular anti- 
cholinesterase therapy. Acetylcholine receptor 
antibodies are often present in the serum and 
there is a progressive decrement in the amplitude 
of an evoked muscle action potential when the 
motor nerve is stimulated at a frequency of 
50 Hz. In some patients there is an associated 
thymoma? (a postoperative CAT scan in the 
patient showed no thymic tumour). 

Patients with the myasthenic syndrome, how- 
ever, are usually in the older age group. The 
presentation is often one of weakness of the 
proximal muscle groups, associated with wasting. 
Acarcinoma is almost invariably present and this 
is commonly bronchogenic. There is little or no 
improvement in neuromuscular function after in- 
jection of edrophonium and regular anti- 
cholinesterase therapy is rarely effective. A>etyl- 
choline receptor antibodies are usually absent. 
There is often an increase in muscle strength with 
exercise and there is a progressive increase in the 
height of the evoked action potential when the 
motor nerve is stimulated at 50 Hz.? 

This patient was suffering from myastaenia 
gravis, in view of the electromyographic findings, 
the presence of acetylcholine receptor antibodies 
and the positive response to edrophonium. 
Patients suffering from myasthenia gravis are 
sensitive to non-depolarising muscle relaxants, 
but may be resistant to suxamethonium,? or show 
early appearance of a dual block.* Patients with 
myasthenic syndrome, on the other hand, have an 
exaggerated response to both non-depolarising 
and depolarising muscle relaxants.* Despite the 
possibility of regurgitation during induction, 
suxamethonium was avoided because of this lack 
of predictability in myasthenia and because, in 
the carcinoid syndrome, an attack may be pre- 
cipitated by the increased intra-abdominal 
tension brought about by the drug.° Pan- 
curonium has been said to be the relaxant of 
choice for patients with carcinoid syndrome, 
because it is unlikely to provoke release of 
histamine or to cause hypotension.’ This patient, 
however, had myasthenia gravis and therefore 
vecuronium, which is a shorter acting relaxant 
structurally related to pancuronium, was 
chosen, as this has been shown to bea satisfactory 
relaxant for operations on myasthenic patients® 
and does not readily release histamine.” To 
decrease the amount of relaxant required, the 
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anticholinesterase therapy was withdrawn 
10 hours pre-operatively and, although the 
patient was not distressed by his weakness, he 
required less than half the normal intubating dose 
of vecuronium (0.08—0.1 mg/kg); this dose lasted 
for considerably longer than would be expected in 
a normal patient. 

Carcinoid tumours may secrete several dif- 
ferent types of vaso-active substances, the pre- 
dominant ones being either 5-hydroxytryptamine 
(SHT), or bradykinin. These substances are 
responsible for many of the symptoms. Serotonin 
produces diarrhoea, sedation and complex 
actions on the cardiovascular system which 
usually result in hypertension under general 
anaesthesia.© Bradykinin is thought to be 
involved in the classical carcinoid flush, and 
under anaesthesia often produces hypotension 
and bronchospasm.® Pre-operatively, the pre- 
dominant symptom in this case was diarrhoea 
rather than flushing or bronchospasm and 
it was therefore assumed that this tumour 
secreted SHT rather than bradykinin. However, 
the dramatic improvement in perfusion and 
blood pressure when aprotonin was given, 
suggests that bradykinin was involved in the 
episode of hypotension described above and 
supports the argument for having bradykinin 
antagonists available during surgery for car- 
cinoid tumours, even if there is only evidence of 
serotonin secretion pre-operatively. Had there 
been any further cardiovascular instability during 
the operation, the patient would have been 
electively ventilated postoperatively. However, in 
view of the good condition at the end of surgery, 


neuromuscular block was reversed with a 
moderately large dose of neostigmine (with 
atropine) and the tracheal tube was removed. The 
postoperative course was uneventful and the 
patient was discharged home 2 weeks after the 
operation. — 
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CASE REPORT 


Multiple complications after internal jugular vein catheterisation 


Z. GAMULIN, J.-C. BRUCKNER, A. FORSTER, F. SIMONET anp J.-C. ROUGE 


Summary 

We report a case of a young female who developed multiple life threatening complications after a single 
internal jugular vein catheterisation. They consisted of pleural misplacement of the catheter, massive 
haemorrhage with cardiovascular collapse following catheter removal, and development of arteriovenous 


fistula, diagnosed 18 months later. 


Key words 
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Many different complications of central venous 
catheterisation have been documented,! but 
usually only one of them occurs per patient. We 
report the case of a patient who presented several 
successive severe complications following a single 
internal jugular catheterisation, which were not 
recognised immediately. 


Case history 


The patient was a 13-year-old girl weighing 29 kg, 
140 cm tall, who was scheduled for surgical repair 
of multiple valvular disease. After induction of 
anaesthesia, the right internal jugular vein was 
punctured at the first attempt with a 14-gauge 
needle and a 16-gauge catheter (Intracath) was 


inserted through it without any difficulty by the ` 


first two authors. The puncture site was located 
between the two heads of the sternocleidomastoid 
muscle, 3 cm above the clavicle, as previously 
described.? The usual measures, such as aspira- 
tion of blood, adequate flow of infusion and 


gravitational blood reflux through the catheter, 
suggested correct intravenous placement. The 
catheter was connected via a three-way stopcock 
to an infusion line for drug administration and to 
a pressure transducer for intermittent measure- 
ment of central venous pressure. 

Since the shape of the central venous pressure 
wave was not typical and the values were lower 
(0-1 mmHg) than those previously obtained 
during cardiac catheterisation (8 mmHg), pleural 
misplacement of the catheter was suspected. 
Nevertheless, blood reflux was still present when 
the catheter was aspirated. The persistence 
of blood clots in the operative field and the 
absence of change in activated clotting time 
(Haemochrom’) after the administration of 3 
mg/kg of heparin through the internal jugular 
catheter, confirmed the misplacement of the 
catheter. The same dose of heparin was repeated 
through a peripheral venous catheter and the 
replacement of the aortic valve and the com- 
missurotomy of the mitral and tricupsid valves 
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were performed uneventfully. At the end of the 
cardiopulmonary bypass, protamine was ad- 
ministered to restore the normalisation of 
activated clotting time (142 seconds). 

Before the closure of the chest, surgical 
exploration of the right pleural cavity revealed 
the exact location of the catheter tip which was 
found floating in a small amount of blood. A 
right-sided chest tube was inserted but did not 
drain any blood, despite the application of con- 
tinuous subatmospheric pressure. Because of the 
difficult access to the catheter sutured to the skin 
under sterile adhesive drapes, it was not removed 
until the end of surgery, after a postoperative chest 
X ray was taken (Fig. 1). Minutes later, while the 
patient was still in the operating room, the blood 
pressure decreased abruptly and dramatically 
and a blood loss of 2 litres was collected through 
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the right chest tube to which subatmospheric 
pressure (15cmH,O) was applied. The patient’s 
haemodynamic status was rapidly corrected by 
massive transfusion, temporary external cardiac 
massage and continuous adrenaline infusion; 
the pleural aspiration was discontinued. The 
chest was immediately re-opened and the right 
pleural cavity reviewed. A small haemothorax 
and minimal bleeding through a small lesion at the 
dome of the pleura were discovered. This lesion 
was sutured, recovery was uneventful and the 
child was discharged from the hospital on the 
eleventh postoperative day. 

Eighteen months later the patient was re- 
admitted because of progressive congestive heart 
failure. Clinical examination revealed a right 
parasternal systolo-diastolic murmur. Cathe- 
terisation of the right side of the heart showed 





Fig. 1. Postoperative chest X ray before removal of the catheter. 
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Right. brachio- ` 
cephalic vein 





Fig. 2. Angiographic confirmation of the fistula (arrow) between the 
right subclavian artery and the right brachiocephalic vein. 


a difference in oxygen saturation between samples 
of blood from the superior vena cava (74 percent) 
and the right atrium (66 percent). The presence of 
an arteriovenous fistula was therefore sus- 
pected and was confirmed by angiography. The 
fistula was located between the right subclavian 
artery and right brachiocephalic vein (Fig. 2) and 
its blood flow was considered significant by the 
cardiologist. Right and left ventriculography also 
revealed mitral and tricuspid insufficiency. The 
pressure in the right atrium was 22 mmHg, with a 
v’ wave of 37 mmHg. During exploration of the 
chest at operation to replace the mitral valve and 
repair the tricuspid valve, a thrill was felt in the 
right brachiocephalic vein, which disappeared 
after ligation of a small channel (2.5 mm in 
diameter) located between the right subclavian 


artery and the posterior wall of the right 
brachiocephalic vein, near the junction of sub- 
clavian and internal jugular veins (Fig. 3). The 
ligation of the fistula was associated with an 
immediate decrease in central venous pressure 
from 22 mmHg to 15 mmHg. 


Discussion 

Several complications of internal jugular vein 
catheterisation are illustrated by this case: 
catheter misplacement, life threatening hae- 
mothorax and development of arteriovenous 
fistula. 

Misplacement of the central venous catheter 
into the pleural cavity is a recognised complica- 
tion and depends upon the puncture technique; it 


Tope around 
the fistula — 


Superior 
vena cava 





Fig. 3. Diagram drawn from photograph of operative 
site. 


is rarely observed with the high internal jugular 
approach.‘ Its diagnosis can be easily missed.*-6 
In this case, the usual test to verify the intra- 
vascular position of the catheter was repeated 
several times and was misleading. The diagnosis 
of the misplacement was finally confirmed by the 
persistence of clots and normal activated clotting 
time despite the administration of a large dose of 
heparin through this catheter. A conventional 
chest X ray without contrast medium would 
probably not have been helpful in determining the 
position of the catheter accurately (Fig. 1). Rapid 
aspiration of a large quantity of blood through 
the catheter and/or comparison of the haematocrit 
of the refluxed blood with blood after rapid 
infusion of an isotonic solution obtained from 
another vessel, could have confirmed the 
diagnosis. If any doubt persists during open heart 
procedure, surgical exploration of the pleural 
cavity on the side of the puncture should be per- 
formed as soon as the chest is open. 

The sudden massive intrapleural bleeding, 
which occurred immediately after the removal of 
the catheter, produced severe haemorrhagic 
shock, with a loss of 80 percent of the patient’s 
blood volume (2 litres) in less than 5 minutes. This 
haemorrhage happened despite normal activated 
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clotting t:me, was abrupt and was related to the 
removal of the catheter, since there were no 
haemothorax on the postoperative chest X ray 
(Fig. 1) and since no bleeding occurred through 
the right chest tube before the catheter was 
removed. 

The application of a continuous negative pres- 
sure to che pleural cavity was probably re- 
sponsible for the abruptness and magnitude of 
the bleeding and did not facilitate clotting 
because it maintained a high blood flow through 
the pleurovascular lesion. When the negative 
pressure was removed and blood volume re- 
stored, bleeding was minimal during the surgical 
re-intervention, and was easily controlled. This 
complication would probably have been less 
dramatic if the catheter had been removed 
immediately under direct vision of the pleural 
dome, and without negative pressure being 
applied ta the pleural cavity. 

This case should caution against the danger of 
puncturing subclavian or internal jugular veins in 
patients who have chest tubes under negative 
pressure cn the same side. In addition, in rapidly 
developinz haemothoraces induced by attempts 
at central venous catheterisation, application of 
negative pressure to the chest tube should be 
avoided, or performed only under close super- 
vision. In our patient, bleeding could have been 
less dramatic if an over-the-needle catheter or 
Seldinger technique had been used instead of the 
through-the-needle catheter technique. 

Arteriovenous fistula following central venous 
catheterisation has rarely been reported.”* This 
complication is often not diagnosed because of its 
delayed appearance, even though it can produce 
a severe complication such-as high output cardiac 
failure,’ and possibly tricuspid insufficiency. In 
this case, right cardiac failure was related not only 
to the tricuspid insufficiency demonstrated by the 
cardiac catheterisation, but also to the iatrogenic 


_ arteriovenous fistula, since central venous pres- 


sure decreased by 7 mmHg when it was ligated. 

In conclusion, this case suggests that.delayed 
complications should be anticipated when any 
problem related to an internal jugular catheterisa- 
tion occurs. 
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APPARATUS 


The digital control of anaesthetic gas flow 


R. W. BOADEN anp P. HUTTON 


Summary 


The theory and construction of a prototype digital gas flow controller are described. Using eight preset 
needle valves, it has the ability to deliver any flow from 50 to 12750 ml/minute in steps of 50 mljminute. 
Under given conditions, the accuracy of this device is very high and its yariation in performance with pipeline 
supply pressures is quantified. The required flow is requested from a BBC ‘B’ microcomputer which is 
interfaced with the equipment via a program written in Basic and the 1M Hz bus port. The possible uses 
and potential of a microcomputer-controlled flow regulator in anaesthesia and intensive care are discussed. 


Key words 
Equipment; anaesthetic machines, flowmeters 


The incorporation of microprocessors into elec- 
tronic systems is now commonplace, but in 
anaesthetic practice their use is almost exclusively 
limited to patient monitoring, where they enable 
sophisticated techniques to be used for the collec- 
tion and display of physiological variables. There 
are, however, many other potential applications; 
time dependent drug infusions to maintain a 
constant serum level!:? and the control of ven- 
tilators are two obvious examples. 

This paper describes the design and develop- 
ment of a digital gas flow regulator, which allows 
a microcomputer to control gas flow directly. 
Such a device has many uses because of the ease 
with which continually changing flow require- 
ments and the possibility of feedback control 
from end-tidal Pco, can be accommodated by 


simple programming. 


Principle of operation 


The equipment is shown diagrammatically in Fig. 
1 and, after construction, in Fig. 2. The high 
pressure gas enters the inlet manifold and is split 
into eight channels. Each channel can have the 
flow down it switched on or off by a miniature 
solenoid valve. When the solenoid valve is open, 
flow down any given channel is controlled by a 
preset needle valve. The eight needle valves are 
calibrated and locked in binary sequence, such 
that each one allows double the flow of the 
previous one. If the minimum flow is set at 50 
mi/minute, then the maximum flow with all the 
valves open is 12750 ml/minute. Given the ap- 
propriate combination of valves open and closed, 
any flow between zero and the upper limit may be 
obtained in steps of 50 ml/minute, i.e. there is a 
rangeability of 255 to 1. The required valves are 
switched on or off when a given flow is requested 
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Fig. 1. Diagrammatic representation of prototype digital flow controller. 
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Fig. 2. Prototype digital flow controller. 


on a microcomputer. This contains a program 
which rounds the set flow up or down to the 
nearest multiple of 50 ml/minute (there is a 
maximum theoretical inaccuracy of 25 ml/minute) 
and which controls the solenoid valves via an 
interface. 

The technique of adding predetermined flows 
in a digital manner has been described previously 
for liquids by Langill et a/.> (which is technically 
much easier), and for anaesthetic gases by Cooper 
et al.* Although they mention the use of sonic 
flows, the latter do not give any constructional 
details of the device they used. 


Design details 


Several methods of presetting the flow in 
channel were examined, including narrow 
tubes, fixed nozzles, fixed orifices, sintered 1 
flow restrictors and needle valves. Apart 
needle valves, all the other methods are 
adjustable. They also depend upon very acct 
technically difficult and expensive mach 
processes. A literature search and enquiri 
several national laboratories revealed tha 
design of needle valves is largely empirical. 
the theory, if it ever existed, is lost in the mi: 


time. Consequently, the flow characteristics of 
needle valves were examined in some detail and 
the results are to be published separately (un- 
published observations’). In summary, it was 
found that at normal anaesthetic gas supply pres- 
sures, needle valves act effectively as variable 
annular nozzles, which possess critical flow 
properties. The importance of critical flow (sonic 
velocity in the nozzle throat) is that for a given 
upstream pressure and temperature, the mass 
flow rate of gas through the needle valve is un- 
affected by the variations in downstream pres- 
sure® which will be experienced in anaesthetic 
practice. This principle is used by engineers to 
meter accurately the flow of natural gas and the 
output from compressors.” The needle valve is 
thus a device with near ideal flow characteristics 
which may first be adjusted to give a desired flow 
and then locked into position. The ones used in 
our prototype were Clippard type MNV-2, 
capable of supplying up to 40 litres/minute of dry 
air, measured at ATP from an upstream pressure 
of 414 kPa gauge. 

Two bubble flowmeters with volumes of 100 ml 
and 1550 ml were employed to calibrate the 
needle valves which had preset flows of 50, 100, 
200, 400 and 800 ml/minute. These devices use a 
method originated by Barr,’ in which the gas flow 
is passed through a vertical glass tube of known 
volume and the time taken for a soap film to pass 
between two fixed points is measured. Accuracy 
to better than 0.5 percent has been claimed’ for 
this technique. Reference flows were provided for 
the valves passing the three largest flows (1600, 
3200 and 6400 ml/minute by a Fisher Controls 
precision Rotameter (series 2100) calibrated to 
their accuracy grade Al (0.5 percent indicated 
flow + 0.1 percent fullscale reading). AH the valves 
were calibrated with an upstream pressure and 
temperature of 414 kPa gauge and 20°C re- 
spectively and the outflow was corrected to a 
temperature of 20°C and a pressure of one at- 
mosphere. 

In ány application in which a microcomputer 
is being used to control an electronic device, it is 
convenient to keep the power consumption of the 
‘unit to a minimum. Consequently, the solenoid 
valves chosen (Clippard model EV-2M) required 
only 0.68 watts to hold them open. These solenoid 
valves do not work in the normal manner; there 
is no moving core. The magnetic field gen- 
erated attracts a spiral shaped metal diaphragm, 
the centre of which occludes an orifice. The valves 
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have a low working temperature and are made 
from components compatible with 100% oxygen. 

A BBC ‘B’ microcomputer was chosen to con- 
trol the system, both because of the ease with 
which it can be used to drive electronic circuits 
and because of its graphics capabilities. The 
facilities of the BBC microcomputer and its use 
within the hospital environment have been dis- 
cussed by Cowell.® When a flow is requested by 
the operator, the program converts it into an 
eight bit binary word, each bit (which can have 
the value 0 or 1) representing a solenoid valve 
being on or off. The information in the binary 
word leaves the computer by the 1MHz bus port 
and enters an interface circuit (an adaptation of 
a published design’°), which converts the 
instruction into the appropriate voltages to power 
the solenoid valves. The valves are then auto- 
matically electronically latched until a new flow 
is programmed. The control program is written in 
Basic and the selected flow is displayed on the 
screen as the familiar Rotameter with a moving 
bobbin (Fig. 3). 
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Fig. 3. BBC ‘B’ Microcomputer screen display: to 
demonstrate gas flow rate. 


System performance 


` The system may be tested in four ways to check 


that the principle of addition of the individually 
precalibrated flows. works, to ensure the long 
term stability of the needle valve settings, to assess 
the errors produced by upstream variations in 
pipeline pressures, and to measure any changes in 
delivered flow as the downstream pressure is 
increased. 
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Using oxygen, the principle of addition of the 
eight channels was tested over the range 0-9000 
ml/minute. The programmed oxygen flow was in- 
creased in steps of 50 mi/minute and the delivered 
flow (corrected to a temperature of 20°C 
and a pressure of one atmosphere) was measured 
by bubble flowmeter over the range 0-1000 
ml/minute and by precision Rotameter from 
1000-9000 ml/minute. To allow for permissible 
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Fig. 4. A comparison of programmed and measured 
flows over the range 50-1000 ml/minute. The supply 
pressures are shown with x(ml/minute) as the pro- 
grammed flow and )(ml/minute) as the measured flow. 
At a supply pressure of 393 kPa gauge, y= 0.88 + 
0.947x, (r = 0.998, n = 20), at 414 kPa gauge, y = 2.11 + 
1.007x, (r= 0.999, n= 20), and at 434 kPa gauge, 
y= — 2.48 + 1.072x, (r= 0.999, n = 20). 
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Fig. 5. A comparison of programmed and measured 
flows over the range 1-10 litres/minute. The supply pres- 
sures are shown with x(ml/minute) as the programmed 
flow and »(ml/minute) as the measured flow, at a supply 
pressure of 393 kPa gauge, y = 49.0 + 0.96x, (r = 0.999, 
n= 101), at 414 kPa gauge, y = 22.0 + 1.0x, (r = 0.999, 
n= 101), and at 434 kPa gauge, y= — 32+ 1.05x, 
(r = 0.999, n 97). 


variation in medical pressures, ! 11? readings were 
made with supply pressures of 393, 414 and 
434 kPa gauge. (These pressures were set by using 
a Bourdon gauge which had been calibrated 
against a Budenberg deadweight pressure gauge 
tester, Type 240). The results are shown in Figs 
4 and 5. 

To test the long term stability of the locked 
needle valves, requested flow rates of 1550 ml/ 
minute, 3200 ml/minute and 8000 ml/minute were 
measured on 25 occasions at random intervals 
over a period of 3 months. These flaws were 
chosen so that all the needle valves were used The 
coefficients of variation for the three flows were 
0.8, 0.5 and 0.3% respectively. 

To test the response of the digital valve to 
increasing downstream (or back) pressure 
(Fig. 1), the flow from the outlet manifold was 
passed through a variable resistance flow re- 
strictor, which then discharged to atmosphere 
(Fig. 1) via the Rotameter or bubble flowmeter. In 
this way, with the supply pressure held constant, 
the back pressure on the needle valves could be 
gradually increased from atmospheric pressure 
(when the flow was maximum) to the supply dres- 
sure (when the flow was zero). At each level of 
increasing back pressure, the flow discharging 
from the variable restrictor (Fig. 1) was measured 
by the bubble flowmeter or precision Rotameter. 
The practical details of doing this are described 
elsewhere.‘ . 

The effects of increasing the back pressure on 
flows set initially at 1000 ml/minutes, 5000 ml/ 
minute and 10000 mi/minute, are shown in 
Fig. 6. The ratio of absolute downstream pressure 
to absolute upstream pressure on the abscissa was 
chosen to ensure similarity with our referenczs on 
critical flow nozzles® and needle valves.‘ 


Discussion 

This paper has described the successful protctype 
development of a direct digital technique of con- 
trolling an anaesthetic gas flow which is simple to 
construct, has easy to use software, and a screen 
display representing the familiar Rotameter. 

From Figs 4 and 5, it can be seen thet its 
accuracy at the pipeline supply pressure of 414 
kPa gauge (the typical set pressure in hospital 
systems!?) is very high over the wide range of 
flows tested. This accuracy was maintained over 
the 3-month period of bench testing. It is, in 
fact, so accurate and stable that the calibrated 
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Fig. 6. The effect of increasing the back pressure on the 

flow through the prototype digital valve at three 

different settings. Supply pressure = 414 kPa gauge, 
atmospheric pressure = 103 kPa. 


fixed nozzle with known upstream conditions 
may prove a challenge for existing standard flow 
measurement devices. 

Figures 4 and 5 demonstrate the effect of the 
maximum permitted fluctuations in upstream 
pressure which occur in practice.!! In piped 
medical gas systems, these changes are principally 
related to demand. Compensation for these varia- 
tions could be achieved by monitoring the supply 
pressure with a transducer and using this signal 
as a correcting factor in the software. It should, 
however, be noted that the errors secondary to 
pipeline pressure changes described for this 
device are inherent in any flow which is fixed by 
a needle valve. A minute volume divider set from 
the usual Rotameter block in subject to exactly the 
same problem. This is discussed in more detail 
elsewhere.5 In summary, a preset flow of 8000 
ml/minute would deviate by a maximum of + 
368 ml/minute under the most extreme conditions 
permitted. 

The accuracy obtained with the eight bit con- 
troller described is more than adequate for most 
clinical purposes and it may be that a six bit device 
would be sufficient. This would offer a least sig- 
nificant flow of 200 ml/minute and a maximum 
theoretical inaccuracy of 100 ml/minute, whilst 
retaining the same maximum flow of 12750 ml/ 
minute. 
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It can be seen from Fig. 6 that the digital valve 
does not behave as a simple flow resistor. If it did, 
flow would fall (though not necessarily linearly) 
immediately the downstream/upstream pressure 
ratio increased from zero. The normal condition 
with the valve discharging to atmospheric pres- 
sure occurs at an absolute downstream/absolute 
upstream pressure ratio of 0.2. There is, however, 
no appreciable decrease in the discharged flow 
until this ratio increases to over 0.27, i.e., when 
the downstream pressure is 37 kPa gauge. This 
implies that if the digital valve were subjected to 
back pressure from an anaesthetic system or 
minute volume divider, it would have a negligible 
effect on the mass flow of gas delivered. The 
dotted line shown in Fig. 6 at a pressure ratio of 
0.53 is the theoretical critical pressure ratio with 
oxygen for a perfect nozzle.® If the valves used in 
this construction were behaving as perfect isen- 
tropic nozzles, the performance curves would be 
flat up to this point. Further work* has shown 
that there is a considerable variation in needle 
valve performance depending on design; some, 
with physically larger internal dimensions, 
approach the ideal nozzle much more closely than 
the ones shown here. These would be incor- 
porated in any future construction. 

Tests with nitrous oxide gave results of an 
identical pattern to those with oxygen and are not 
shown. For clinical use, there are several refine- 
ments necessary. Gases would have to be filtered 
to ensure that no particulate matter adversely 
affects the solenoids, needle valves or patient. 
Delivering two gases (e.g. nitrous oxide/oxygen) 
with these devices requires fail safe mechanisms 
to be designed, which will not permit the delivery 
of hypoxic mixtures and which will allow manual 
override in emergencies. The operating theatre is 
also a ‘noisy’ electrical environment and micro- 
computers require special precautions to 
minimise electrical interference. 

Work is, however, proceeding on the develop- 
ment of a three-channel device which will deliver 
nitrous oxide-oxygen and oxygen-air mixtures 
for use on patients. Apart from offering accurate 
flows and gas mixtures which could be used in the 
next generation of anaesthetic machines (at a 
competitive price with existing equipment), the 
device should, because of its computer control, be 
easily incorporated into an automatic closed loop 
control system. It is proposed to regulate the end- 
tidal carbon dioxide concentration of patients on 
controlled ventilation by using their own end- 
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tidal carbon dioxide concentration as the feed- 
back signal to contro! the fresh gas flow into a 
Bain system. 

Other ideas under consideration are the auto- 
matic control of gas supply to cardiac bypass 
oxygenators and the simulation of continuously 
varying flows by using the device as a pneumatic 
A to D converter. 
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The use of antacids as a prophylaxis against Mendelson’s syndrome in the 
United Kingdom. A survey 


B. Sweeney, FFARCS, FFARCSI, Senior Registrar, I. Wright, MRCP, FFARCS, Registrar, 
Department of Anaesthesia, St Bartholomew’s Hospital, West Smithfield, London ECIA 7BE. 


Summary 


Maternal mortality from aspiration of gastric contents still remains unacceptably high, despite various recommended 
prophylactic measures. In order to establish which forms of antacid prophylaxis are currently being used, a questionnaire 
was sent to anaesthetists working in obstetric units in the United Kingdom. Despite its limitations, magnesium trisilicate 
remains the most popular antacid during labour and before Caesarean section. 


Key words 


Gastrointestinal tract; stomach, pH. 
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The importance of pulmonary aspiration of acid gastric 
contents during obstetric anaesthesia has been recog- 
nised for 40 years.' It is common practice to attempt to 
prevent regurgitation and aspiration of gastric contents 
by the use of cricoid pressure. In addition, phar- 
macological methods of reducing the volume and 
increasing the pH of gastric contents, emptying of the 
stomach and avoidance of reduction in lower 
oesophageal sphincter tone are recommended.?~* It 
is clear from the last Confidential Report from England 
and Wales® that these measures are either ineffective 
or inappropriate for use on a busy labour ward. This 
survey was designed to identify current practice in 
aspiration prophylaxis in the United Kingdom. 


Method 


A questionnaire (Fig. 1) was designed to identify the 
choice of prophylaxis in labouring women, for elective 
Caesarean section and emergency Caesarean section. 
The drugs included in the questionnaire were mag- 
nesium trisilicate, sodium citrate and the histamine 
antagonists cimetidine and ranitidine. For the Caes- 
arean section groups, metoclopramide and atropine 
were both included. In all three groups, a section was 
included for any other medications used. If a particular 


drug was used in any subgroup, the respondent was 
asked to give details of the dose, the route of administra- 
tion and the frequency of administration. For the 
operative groups the timing, rather than the frequency, 
was included. Finally, the respondent was asked to 
append any other relevant comments. 

The questionnaire was sent out in March 1984 to a 
total of 317 Departments of Anaesthesia in hospitals 
where obstetrics is performed. These departments were 
identified using a standard mailing list of a large phar- 
maceutical company. Each questionnaire was accom- 
panied by a stamped addressed envelope which was 
coded. 


Results 


A response rate of 291 from 317 departments (91.8%) 
was obtained. The results were considered under three 
headings: active labour, elective Caesarean section and 
emergency Caesarean section. 

Active labour. The results are tabulated in Fig. 2. No 
prophylaxis was used in 18.5% of units, 53.5% used 
mist magnesium trisilicate (46.7% alone), 23% used 
sodium citrate (12% alone), 3.4% used cimetidine 
(0.7% alone) and 11.3% used ranitidine (5.5% alone). 

A combination of antacid and H,-receptor blockers 





0003-2409/86/040419 + 08 $03.00/0 © 1986 The Association of Anaesthetists of Gt Britain and Ireland 419 


420 Forum 


1. Is chemo-prophylaxis against acid aspiration syndrome normalty given to patients who are in active 


labour in your Department? 


Please tick [_]ves [Jno 


2. Which of the following agents are normally used, how much, how frequently and by what route are 


they given (O, IM, IV)? 


Ploase tick 





< 
Magnesium trisilicate 








0.3 M sodium citrate 













Cimetidine 
Ranitidine 





Route Amount Frequency 


ome omen | | [+d 





3. For patients undergoing ELECTIVE Caesarean section is chemo-prophytaxts agalnst acid aspiration 
syndrome routinely carried out in your Department? 


Poeze tick C] ves [Jno 


4, Which of the following agents are normaily used? how much is given, by what route (O, IM, IV} and 
what is the timing in relation to Induction of anaesthesia? 





5. For patients undergoing EMERGENCY Caesarean section is chemo-prophylaxis against acid aspiration 
syndrome normally carried out In your Department? 


Please tick C] ves [Jno 


6. Which of the following agents are normally used? how much is given, by what route (O, IM, IV) and 
what is the timing in relation to induction of anaesthesia? 











Please add sny additional comments on reverse side 


Fig. 1. The questionnaire used in the survey. 


was used by 6.8%; the commonest was sodium citrate 
and cimetidine, 2.4%. Mist magnesium trisilicate and 
sodium citrate were used together by 5.2%. Other agents 
were used in less than 5%. Sodium bicarbonate pre- 
dominated, although other antacids were occasionally 
used. Cimetidine was used almost exclusively orally, 
although ranitidine was usually administered parent- 
erally. 


Elective Caesarean section. The results are shown in 
Fig. 3. Mist magnesium trisilicate was used by 57% 
(25.1% alone), 36.4% used sodium citrate(14.1% alone), 
8.6% cimetidine (1.7% alone), and 21% rantitidine 
(5.2% alone). Atropine was used by 26.5% (2.1% alone) 
and metoclopramide was used by 8.9%, but always in 
combination with other agents. No prophylaxis was 
used in 1.4% of units. - 
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Fig: 2. Prophylaxis given to patients in active labour. No 
prophylaxis was used in 18.5% of departments. 
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Fig. 3. Prophylaxis given to patients undergoing elective 
Caesarean section. No prophylaxis was used in 1.4% of 
: departments. 
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Fig. 4. Prophylaxis given to patients undergoing emergency 
Caesarean section. No prophylaxis was used in 0.7% of 
departments. 
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A combination of antacids and H-blockers was used 
by 9.3%; the commonest was sodium citrate and 
ranitidine and mist magnesium trisilicate and ran- 
itidine, both in 2.7% of hospitals. Atropine was most 
commonly used in combination with mist magnesium 
trisilicate (11.7%), as was metoclopramide (1.7%). 
Other agents were used in less than 7% of cases, the 
commonest was sodium bicarbonate as an oral antacid, ` 
with atropine replaced by hyoscine as a premedicant. 
Cimetidine again was almost exclusively orally ad- 
ministered, while parenteral ranitidine was used in a 
similar proportion of cases as in active labour. 

Emergency Caesarean section. The results are shown 
in Fig. 4. No prophylaxis was used in 0.7%, mist 
magnesium trisilicate by 57% (28.2% alone), sodium 
citrate by 42.3% (19.1% alone), cimetidine by 4.1% 
(0.3% alone), while 10.7% used ranitidine (0.3% 
alone). Atropine was used in 25.4% of units (2.1% 
alone) and 9.3% used metoclopramide (0.7% alone). 

A combination of antacids and H,-blockers was used 
in 12.4%; the commonest was sodium citrate and 
ranitidine 4.5%. Atropine was most commonly used in 
combinatior with mist magnesium trisilicate (12.4%) as 
was metoclopramide (3.1%). Other agents were used in 
less than 6%, sodium bicarbonate again being the most 
commonly used alternative while glycopyrronium 
sometimes replaced atropine. Intramuscular and 
intravenous cimetidine were used in 5% of cases. 
Ranitidine was used intramuscularly in 10% and intra- 
venously in about 20% of cases. 

Data relating to frequency and timing were not 
analysed due to the complexity of the various permuta- 
tions used in clinical practice. 


Discussion 


The availability of a number of antacids, two histamine 
H,-receptor antagonists and their use in three clinical 
situations ellows a large number of possible combina- 
tions. Detailed consideration of every combination is of 
little value and the results were analysed to identify 
broad trends. These agree well with the results of a 
smaller survey published recently.!° 7 

It has been recommended that all women in active 
labour shauld be starved and receive antacid prophy- 
laxis.? This advice was ignored in 20% of cases, 
surprising in view of the unpredictability of the need for 
operative intervention and the unreliability of pre- 
operative single dose antacids alone in elevating gastric 
pH to safe levels. A small proportion (about 1%) of 
women urdergoing Caesarean section also receive no 
prophylaxis. Even in the direst emergency, a dose of 
antacid helps to elevate the gastric pH, and a histamine 
H,-receptor blocker elevates the pH to safe levels by 
the end of surgery, a time of almost as great a risk 
as induction. , 

In those departments which use some form of . 
prophylaxis, the majority use magnesium trisilicate 
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mixture. This is despite the inconvenience of 2-hourly 
administration (and thus the possibility of omission of 
a dose), the dangers of inhalation of a particulate 
antacid,'! recent reservations as to the buffering 
capacity of the stored agent!? and the increase in 
volume of gastric contents following its administration. 

Of the histamine blockers, ranitidine is used more 
commonly than cimetidine, presumably reflecting the 
more convenient dose intervals. It is difficult to explain 
why it should be more popular for operative delivery, 
although cimetidine has been frequently implicated in 
drug interactions,1> and has other agent-specific 
adverse effects.!4 

It has recently been postulated that a combination of 
histamine H,-receptor blocker (especially ranitidine 
given 6-hourly) with a pre-operative nonparticulate 
antacid, is both the most effective and most convenient 
prophylactic regimen.” However, only 10% of respond- 
ents use such a regimen. It is interesting to speculate on 
the reasons for this. Although acid aspiration causes a 
disturbingly high proportion of preventable maternal 
deaths, it is still a rare event, to the extent that few 
anaesthetists have seen it. There is therefore less of 
a personal incentive to change established departmental 
policy in favour of one which may still be regarded as 
experimental. There may also be fears about the effect 
of H,-blockers on the neonate, despite the work of 
McAuley et al. 

Atropine is used in about one quarter of operative 
deliveries. If used as a premedicant, it adversely 
affects lower oesophageal sphincter tone, although this 
may be avoided by using it as part of the induction 
sequence, in which case its effects are unlikely to be 
important. Perhaps the safest course is to use it only for 
its antimuscarinic properties in time of need, such as 
when repeated doses of suxamethonium have caused a 
bradycardia. Metoclopramide is used in about 10% of 
operative deliveries. In contrast to atropine, its use is to 
be recommended, although it is probably of more value 
as a premedication than used as part of the induction 
sequence. ; 

There is wide variation in the policies for antacid 
prophylaxis. This probably indicates that no one 
regimen is clearly superior, although it may reflect a 
conservative approach to change. A consensus may be 
emerging, and suggestive evidence for this comes from 
the above mentioned survey of 22 departments. Five out 
of 22 currently who use antacids alone, and a further 


one use ranitidine only in elective Caesarean section, 
are considering a change in policy, presumablyto include 
H,-receptor antagonists. It would be interesting 
to repeat this survey in the future, to identify changes 
in practice stimulated by the large amount of recently 
published work. 
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Intravenous feeding with medium chain triglycerides. Effect on blood gases and the complement 
system in critically ill patients 
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Summary 


. Critically ill patients are usually in a catabolic state and may require total parenteral nutrition; this often includes lipid 
emulsions. Any adverse effects of constituents on pulmonary function, white cell function or the haemocoagulation system 
could have disastrous consequences in such patients. We have investigated the effects of a new intravenous lipid 
preparation containing medium chain triglycerides, which, in severely ill malnourished patients are theoretically a 
preferable energy source to conventional drug chain triglycerides. In a pilot study 17 critically ill patients whose lungs 
were artificially ventilated were given this lipid emulsion; no adverse effects were observed. Arterial oxygen and carbon 
dioxide tensions, ratio of inspired oxygen fractional concentration to arterial oxygen tension, platelet and white 


cell counts all remained constant and the complement system was not activated. 


Key words 


Parenteral nutrition; triglycerides. 
Complications. 


The complement system is necessary for normal host 
defences. Activation has been reported to occur follow- 
ing severe burns and trauma,’ thoracotomy? and 
cardiopulmonary bypass.? Some consider that 
activation of the complement cascade may be as- 
sociated with the development of adult respiratory 
distress syndrome (ARDS), due partly to an effect on 
neutrophil aggregation.* 

Total parenteral nutrition (TPN) is often ad- 
ministered to patients following major trauma or 
cardiothoracic surgery, but there is controversy over the 
effects of lipid emulsions on lung function and the safety 
of their use in the critically ill patient. Some reports have 
suggested that conventional long chain triglyceride 
emulsions (LCT) may be associated with the develop- 
ment of lung function abnormalities,>~7 and that in the 
post-traumatic period, increased incorporation of lipid 
in the pulmonary vessels may lead to obstruction of the 
microcirculation and deterioration of pulmonary dif- 
fusion.” However, other studies have not found any 
adverse effects.”1° Thrombocytopaenia has also been 
reported in neonates receiving intralipid infusions. 1? In 
addition, LCT preparations require the amino acid 
derivative, carnitine, to facilitate their metabolism, and 
this may be depleted in the catabolic, malnourished 
patient.!? Short and medium chain triglycerides (MCT) 
do not have this same requirement for carnitine. Short 
chain triglycerides have, however, been shown to cause 





rapid onset of pulmonary and haematological problems 
when given intravenously.!3 An intravenous lipid pre- 
paration containing MCT is now available and, if this 
can be used safely in all patients, it may prove to bea 
more effective metabolic fuel. 

We have investigated the effects of this new lipid 
emulsion (Lipofundin MCT/LCT; B. Braun) contain- 
ing 50 percent medium chain triglycerides, 50 percent 
long chain triglycerides in critically ill patients. 
Particular attention was directed to studying the effects 
on arterial blood gases, platelet counts, white cell counts 
and the complement system, with regard to cascade 
activation. 


Methods 


Seventeen patients, ASA 3 or 4, were studied 48-105 
hours (mean: 80 hours) after admission to the intensive 
care unit (ICU). All the patients required intensive care 
and controlled positive pressure ventilation of their 
lungs following major trauma or abdominal surgery. 
The study was approved by the local Hospital Ethics 
Committee, and the patients were studied with the 
agreement of their relatives and/or the consultant in 
charge of the case. The patients (12 male, 5 female) were 
aged between 16 and 70 years, and their weights ranged 
from 50-75 kg. None of the patients was in renal or 
hepatic failure at the time of study. The study was 
performed at least 48 hours following the episode of 


Correspondence should be addressed to Dr M. Ball, Nuffield Department of Clinical Biochemistry, Level 4, John Radcliffe 


Hospital, Headington, Oxford, OX3 9DU. 
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Table 1. Effect of medium chain triglyceride (MCT) infusion on arterial blood 


gases (n = 17) 
Pre-infusion 20 minutes post-infusion 
Arterial Po, (kPa) 10.6 (0.43) 10.7 (0.42) 
Arterial Poco, (kPa) 4.92 (0.13) 4.91 (0.14) 
Hydrogen ion concentration 
(nmol/I) 39.13 (0.90) 39.82 (0.91) 


Mean (SEM); there was no significant difference between the variables (Wil- 


coxon matched pairs signed ranks test). 


Table 2. Effect of medium chain triglyceride MCT infusion on complement levels and haematological parameters 
Pre-infusion (n = 17) 2 hours post-infusion (n = 17) 14 hours post-infusion (7 = 10) 


Platelet count (x10°/litre) 246 (44) 
White cell count (x10*/litre) 13.9 (1.3) 
% neutrophil leucocytes 82.2 (1.4) 
Complement, C3 (mg/d litre) 124.3 (18) 
Complement, C4 (mg/d litre) 17.4 (2.4) 
C reactive protein (mg/d litre) 10.6 (5) 


Mean (SEM); difference not significantly different by Wilcoxon test. 


trauma or surgery, on patients whose only calorie 
source had been 5 percent dextrose infusion. 

The lipid emulsion, Lipofundin 10 percent MCT/ 
10 percent LCT (B. Braun), was infused via a central 
venous catheter at a rate of 3.5 mg/kg/minute over 
3.5 hours. Glucose 5 percent was infused simultane- 
ously via a peripheral cannula at a rate of 0.5 ml/minute-. 
Continuous monitoring of pulse rate, blood pressure 
and electrocardiograph was performed, 

Arterial blood samples were taken from an indwelling 
heparinised arterial line prior to the start of the lipid 
emulsion, after 3.5 hours at completion of the lipid 
infusion, and 20 minutes, 120 minutes and 14 hours 
after the end of the infusion. White cell counts and 
platelet counts were measured on EDTA specimens and 
complement components C3 and C4, and C-reactive 
protein (CRP) were measured in plasma from blood 
collected into lithium heparin tubes. Blood gases were 
measured on a pre-infusion sample and 20 minutes after 
the end of the infusion. Platelet counts, white cell 
counts, C3 and C4 were also measured at the end of a 
further infusion of 500 ml MCT/LCT given 24 hours 
later in three patients. 

Methods of analysis. Blood gases were measured 
using an ABL 2 analyser (Radiometer, Copenhagen) 
calibrated against known standards. The white cells and 
platelet counts were performed using a Coulter S plus 
counter. The coefficients of variation for arterial carbon 
dioxide and oxygen tensions determinations on the 
ABL 2 analyser are 2.5 percent, and those on the 
Coulter S plus counter >2 percent for white cell counts 
and <4% for platelet counts. Blood films were also 
made and stained, and a visual differential white cell 
count performed. Complement components C3 and C4 
and CRP were measured by nephelometry using the 
Beckman Immunochemistry systems analyser II 
(Beckman Instruments, Inc.). 


243 (39.8) 253 (45) 
14.4 (1.3) 14.2 (1.4) 
82.6 (1.4) = 
130.3 (19.2) 128 (21) 
19 (3.7) 18.2 (3.9) 
10.9 (4.2) — 
Results 


No significant change in any cardiovascular variable 
was observed during the lipid infusion. No patient 
showed clinical, biochemical or haematological 
sequelae which could be directly attributed to the lipid. 
The blood gas values for Pao,, Paco, and hydrogen 
ion concentration are shown in Table 1. No significant 
changes were seen over the period of study and arterial 
oxygen tension/fractional inspired oxygen concentra- 
tion (PaO,/Fio,) ratio remained constant. 

The results of the various haematological indices are 
shown in Table 2, During infusion of the lipid, the white 
cell count rose slightly. There was no evidence of any 
lipid-induced neutropaenia. The platelet count did not 
alter significantly and in no patient was a decrease of 
greater than 5 percent observed. The plasma levels of 
the complement components C3 and C4 remained 
stable. (Figs. 1 and 2). The three patients whose initial 
value of C3 were below the normal range (69-130 mg/d 
litre), showed no further decrease. 

The levels of C-reactive protein before the fat 
infusion were markedly different in the various petients, 
but no acute rise occurred during the infusion. In zhe ten 
patients in whom data were available at 14 hours after 
the infusion, there were no subsequent changes in any 
of the above indices. In the three patients who received 
further infusions of MCT/LCT 24 hours later, no 
significant changes could be attributed to the second 
lipid infusion; complement levels did not fall in any of 
the patients. 


Discussion 


The choice of the non-amino acid component of 
parenteral nutrition is controversial. Many centres have 
used glucose alone or a mixture of glucose and lipid to 
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Fig. 1. Plasma concentration of C3 related to medium chain 
triglyceride/long chain triglyceride (MCT/LCT) infusion. 
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Fig. 2. Plasma concentration of C4 related to medium chain 
triglyceride/long chain triglyceride (MCT/LCT) infusion. 


provide the main calorie source for ICU patients.1* 
Recently it has been suggested that critically ill patients 
with sepsis are more dependent than non-septic patients 
on lipid fuels for oxidative metabolism. $ 

Lipid emulsions are metabolised to non-esterified 
fatty acids which are oxidised in cell mitochondria to 
provide energy in the form of adenosine triphosphate 
(ATP). However, long chain triglycerides require car- 
nitine to enter the mitochondria. As carnitine may be 
depleted in critically ill patients,!? there may be reduced 
capacity to metabolise these preparations. Medium 
chain triglycerides do not have the same requirement for 
carnitine, and thus may be a more rapidly utilisable 
substrate. 

Conventional lipid emulsions are generally well 
tolerated, but there has been some concern about minor 
alterations in pulmonary function. Certain lipid pre- 
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parations have been reported to reduce pulmonary dif- 
fusion capacity.® In one study in critically ill patients, 
20 percent Intralipid (Kabi Vitrum Ltd.) caused no 
significant changes in the Pao0,/Fio, ratio, mean pul- 
monary artery pressure, or pulmonary vascular re- 
sistance index when the pulmonary pathology was 
associated with intact alveolar capillary membranes 
(e.g. chronic obstructive lung disease or bacterial 
pneumonia). However, in patients with ARDS, where 
there is disruption of the alveolar capillary membrane, 
Intralipid caused decreased oxygenation, increased 
intrapulmonary shunting and a temporary increase in 
pulmonary artery pressure.” Venus et al. postulated 
that the absence of changes in pulmonary vascular 
resistance or pulmonary artery diastolic-pulmonary 
artery occlusion pressure gradient indicated that the 
changes may be due to capillary obstruction by fat 
and decreased oxygen diffusion.” The MCT/LCT 
preparation used in this study contains some 10 percent 
Lipofundin S. A study of the effects of Lipofundin S 
in patients with multiple injuries has not shown any 
changes in pulmonary artery pressure or alveolar— 
arterial oxygen difference when this lipid is infused.'° 

The effect of lipids on platelets is controversial. 
Reduction in platelet numbers was observed in some 
patients who were given the early lipid emulsions and 
there have been anecdotal reports of thrombo- 
cytopaenia in premature babies.!! It is possible, how- 
ever, that thrombocytopaenia in these babies may have 
been due to the underlying condition which necessitated 
the use of TPN. Nevertheless, minor effects on 
pulmonary function, neutrophil counts or platelets, or 
activation of the complement system, could have very 
serious consequences in critically ill patients at risk from 
ARDS, marrow suppression and sepsis. 

Activation of the complement system has been linked 
to the development of ARDS in some circumstances. 
Complement activation can occur via two different 
pathways. The classical pathway is initiated by certain 
antigen-antibody complexes involving IgM and IgG, 
and plasma levels of both C4 and C3 fall when comple- 
ment activation involves this pathway. Activation via 
the alternate pathway may be caused by bacterial 
endotoxins, thermally damaged cells, serum proteins 
and other factors and this causes a reduction in the 
circulating plasma level of C3. Complement activation 
results in the formation of potent active peptides, such 
as C3a and CSa, which are anaphylotoxins and 
stimulate the release of histamine from mast cells as well 
as causing an increase in vascular permeability. CSa is 
also able to bind to receptors on peripheral blood 
neutrophils and induce auto-aggregation and increased 
adherence.’ It has been suggested that neutrophil 
aggregation due to the effects of activated complement 
components may contribute to the genesis of ARDS by 
the formation of micro-emboli. Hammerschmidt found 
a highly significant correlation between neutrophil 
aggregating activity and development of ARDS.* 
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Summary 


Adult respiratory distress syndrome commonly 
develops following trauma, sepsis and pancreatitis. 
Patients with these conditions may be parenterally fed. 
For this reason, we chose to investigate traumatised and 
critically ill patients with sepsis, to study the effects of 
a new lipid emulsion containing MCT on complement 
activation. The results indicate that in the doses infused, 
this emulsion does not cause complement activation. 
Reduction in platelet and neutrophil numbers which 
could accentuate existing clinical problems did not 
occur within 14 hours after infusion. In addition, there 
was no significant reduction in PaO,, or Pao,/Fio, 
ratio. This study indicates that there are no obvious 
immediate adverse effects when MCT is used in 
critically ill patients. In view of its theoretical benefits, 
we are pursuing long term studies. 
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Pharmacokinetics of fentanyl 


The paper by Dr Reilly and his colleagues was inter- 
esting (Anaesthesia, 1985; 40: 837-43) but I was sur- 
prised at their conclusions. Seven years ago I proposed 
the concept that low rate infusion of fentanyl was the 
only sensible way to maintain a constant pharmaco- 
dynamic effect (postoperative analgesia) at the cost of 
an acceptable degree of ventilatory depression. As a 
prelude to determining the appropriate infusion 
regimen I too searched for the necessary pharmaco- 
kinetic data. Unfortunately, at that time there were few 
reliable data available and we determined our own. t? 
I was surprised then how consistent our results were, 
and how constrained were the plasma concentrations 
after a given dose of fentany]. Subsequently, we applied 
our data to. the prediction of an infusion regimen for 
postoperative pain relief? and found that we achieved 
the predicted plasma concentration and the pharmaco- 
dynamic side effect of ventilatory depression with 
remarkable consistency. 

Why then do Dr Reilly and his colleagues find that 
fentanyl pharmacokinetics appear to be inconsistent 
and unpredictable, whereas I did not? For the simple 
reason that they tried to base their single dose and 
infusion regimens on ‘population’ pharmacokinetics 
derived from the literature. Let us examine their sources 
carefully to find why their results are so disparate. 

There is no reason why data derived from conscious 
volunteers should be appropriate for predicting the dis- 
position of a drug in anaesthetised patients. Indeed, 
Hug showed that this was precisely the case for fentanyl 
and other opioids. Thus, the data from Bower and 
Hull,’ and McClain and Hug’ clearly show higher 
clearance, yet, paradoxically, longer elimination half- 
times than those found in anaesthetised patients. This 
is because the drug, being highly lipid soluble, is 
distributed in a rather larger total volume of distribu- 
ion (c. 4-5 litre/kg) compared with the values found 
during anaesthesia (1-3 litre/kg). Presumably, the 
anaesthetised patient subject to surgery is more vaso- 
constricted than his awake volunteer counterpart; 
thus, drugs are distributed in a smaller volume. 
The clearance of fentanyl during anaesthesia is 
markedly lower than in awake subjects+ and may 
be further lowered by a number of factors which 
decrease liver blood flow such as hypocapnic hyper- 
ventilation.2 Many of the earlier studies’* quoted 
by Dr Reilly and colleagues were based on radio- 
immunoassay techniques whose specificity has been 
called into question.*® Another!® was based on a gas 
liquid chromatographic method whose accuracy is very 
suspect at the lower concentrations encountered at the 
later periods in the multi-exponential decay of drug 
concentration,? and which therefore influence the 
derived pharmacokinetic parameters. Note that in 
Bentley’s paper, the coefficient of variation of the assay 
is only quoted at plasma concentrations of 250 and 
1000 ng/ml, well above the range of values normally 


found during anaesthesia. 

Dr Reilly and his colleagues do us a great disservice 
by suggesting that ‘the pharmacokinetics of fentanyl are 
insufficiently consistent to be of assistance to the 
anaesthetist in choice of dosage regimen’. My ex- 
perience, and that of my colleagues in Bonn, | has been 
quite the opposite. That it has been so was tke result of 
using pharmacokinetics determined under the precise 
conditions relevant to those to be considered for the 
prediction. Studies on awake volunteers are only 
relevant to awake subjects of the same age, not under 
the influence of other drugs. In order to predict dose 
requirements for intravenous infusions of drags during 
and after anaesthesia, one must rely only on data 
derived under the same conditions. 


Sir Humphry Davy Department C. Pryz-Roperts 


of Anaesthesia, 
University of Bristol, 


Bristol Royal Infirmary, 
Bristol BS2 8HW 
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A reply 


We are grateful to Professor Prys-Roberts for his 
comments. However, he seems to have missed the point 
of our study. We did not use population data to predict 
concentrations during surgery. In fact, we used the 
pharmacokinetic data from a number of studies -to 
simulate, by computer, the concentrations which each 
of the studies predicted would have been produced in 
the author’s own populations with the dosage regimens 
chosen. In that situation we found that there was 
enormous variability in the predicted plasma fentanyl! 
concentrations. The publication of data describing a 
drug’s pharmacokinetic properties is presumably of 
value only if it allows readers to predict more accurately 
drug concentrations in their own patients. In our view, 
as demonstrated in our paper, the difference between 
the various published studies renders such prediction 
problematic. 

We are pleased to hear that Professor Prys-Roberts 
found that his own data accurately predicted plasma 
fentanyl concentrations during infusion, but his paper,! 
which he cites as evidence to support this, did not allow 
us to share his confidence. We can find only one mean 
plasma fentanyl value quoted in the entire paper and 
that appears to have been drawn one hour after the 
fentanyl infusion was stopped. Thus, we can find no 
data to support his claim to have achieved the predicted 
plasma fentanyl concentrations. Data are presented in 
his paper neither of plasma fentanyl concentrations 
over the time period of the infusion, nor of how closely 
each individual’s values matched the predicted value 
for that individual at the various time points. 

The effects of anaesthesia on drug disposition were 
discussed in our paper and are well-known to us as we 
have recently shown the effects of a number of anaes- 
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thetics on drug metabolism and disposition.?~ 5 
However, as we stated in our paper, although within 
study differences in fentanyl kinetics between healthy 
controls and surgical patients have been described, 
these did not explain our findings. For example, the 
norma! volunteer studies quoted yielded values that 
were amongst both the highest and the lowest in our 
simulations. 

Thus, we remain convinced that there is considerable 
inconsistency in the plasma fentanyl concentrations 
which would be predicted from the various published 
studies describing fentanyl pharmacokinetics. 


MARGARET Woop 
C.S. REILLY 
A.JJ. Woop 


Department of Pharmacology, 
School of Medicine, 
Vanderbilt University 
Nashville, 

Tennessee 37232 

USA 
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Anaesthesia for extracorporeal lithotripsy 


The interesting paper from Drs Abbott, Samuel and 
Webb (Anaesthesia 1985; 40: 1065-72) describing 
anaesthesia for extracorporeal shock wave ‘lithotripsy 
(ESWL) omits to mention a few points of anaesthetic 
importance. 

Great care must be taken when the arms of anaes- 
thetised patients are positioned on the hydraulic 
cradle, to prevent brachial plexus stretch injuries. This 
potential hazard can be prevented by using a regional 
technique, because then-the awake patient can position 
himself comfortably in the frame.? Š 

Respiratory excursion of the diaphragm moves the 
renal calculus away from the focal point of the 
ellipsoidal reflector, so that much of the shock wave 
energy is dissipated in other biological tissues; this 
undoubtedly contributes to postoperative morbidity. A 
proportion of shock waves miss their target, so a larger 
number of discharges are required to fragment the 


calculus, and this makes the procedure more expensive 
and prolonged. This problem can be minimised by 
asking the patient to take shallow breaths. In the case 
of patients under general anaesthesia, rapid respiratory 
rates and small tidal volumes enable the renal calculus 
to be kept in focus for most of the respiratory cycle. The 
logical solution is to use some form of high frequency 
positive pressure ventilation. 

Finally, the incidence of postoperative colic may be 
reduced by a diuresis, which flushes blood clots and 
calculus fragments through the renal tract in all patients 
undergoing ESWL. However, this must be done 
cautiously in patients with cardiovascular disease. 


Department of Anaesthetics, J.H. PENNANT 
King’s College Hospital, 


London, SE 58RX 
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A reply 


We thank Dr Pennant for his helpful comments. We 
agree that care must be taken in positioning patients, no 
matter what the procedure. It should be emphasised 
that in ESWL, the arms are positioned partially 
abducted and flexed. Patients who have surgical pro- 
cedures with their arms abducted on an armboard to 
or beyond the coronal plane are significantly more at 
tisk. No injuries of this type have been reported and we 
consider that this must not be regarded as a major factor 
in the choice of anaesthetic technique. 

The validity of his recommendation for the use of 


high frequency positive pressure ventilaticn is borne 
out by its adoption subsequent to the series of patients 
described in our paper, these being the first treated in 
this country. 

We quite agree that an induced diuresis encourages 
clot and fragment removal. Diuretics were routinely 
administered at the end of the procedure. However, if 
this manoeuvre is not accompanied by a waterload, the 
initial increase in urine flow will be followed by a period 
of oliguria. It is therefore more important to maintain 
an increased urine output throughout the first 24, and 
preferably the first 48, hours by a high oral intake plus 
intravenous supplements if clinical conditions indicate. 


Research Department of Anaesthetics, M.A. ABBOTT 
Royal College of Surgeons of England, JR. SAMUEL 
35, Lincoln’s Inn Fields, D.R. WEBB 


London, WC2A 3PN 


Safety features in oxygen analysers 


A recent study of current fuel cell oxygen analysers 
included the Oxydig (Drager Medical). Drager have 
recently brought out a new version of this, which has a 
number of modifications, of which one is worthy of 
comment. The new analyser is programmed to enter an 
‘Inop’ mode at oxygen concentrations of <5% which 
correspond to a fixed minimum current generated by 
the sensor cell. No further oxygen readings are 
displayed until the monitor has been switched off and 
on and recalibrated. There are two reasons for this. 
First, low current from the sensor may be due to sensor 
disconnexion or malfunction. Second, it is claimed that 
inaccurate readings may result from a sensor that has 
been exposed to zero oxygen. Our experiments have, 
however, shown that the original version, which read 
down to zero, maintained an acceptable accuracy 


despite an hypoxic insult. 

There are situations in anaesthesia where the oxygen 
concentration may fall to zero and where the presence 
of an oxygen analyser is important, not only to indicate 
this but also to ascertain that corrective measures have 
succeeded in returning the inspired oxygen concentra- 
tion to acceptable levels. This may not be the case in 
event of a pipeline crossover, and the new version would 
not indicate this. It would be preferable to maintain the 
display of the oxygen concentration and to display a 
calibration request at the same time. 


Magill Department of Anaesthetics, P.G. Roe 
Westminster Hospital, 


London, SW IP 2A 


Laryngeal cyst following fibreoptic intubation 


A 16-year-old male with juvenile chronic arthritis 
(formerly Still’s disease) since the age of 5 years was 
scheduled for bilateral total hip replacement. 

On pre-operative examination he showed the 
stigmata of early onset of juvenile chronic arthritis, with 
diminished stature, polyarthritis, shortened mandible, 
stiff neck, relatively large tongue and prominent top 
front teeth. He was obese from steroid therapy and 
inactivity. 

The anaesthetic method was as described earlier, 1? 
with trimeprazine as premedication, gaseous induction, 
intravenous ketamine, topical anaesthetic to nose and 
larynx and then guided nasotracheal intubation with a 
fibreoptic rhinoscope. Spontaneous ventilation was 
maintained throughout and the surgery proceeded 
under nitrous oxide and halothane anaesthesia with 


increments of propranolol and fentanyl. A clear view of 
the larynx was obtained at intubation, but a certain 
amount of firm manipulation was required to pass the 
tracheal tube over the rhinoscope and into the trachea. 
Extubation after full recovery postoperatively was 
uneventful. 

Three months later the patient was rescheduled for 
the second hip procedure and the same anaesthetic 
sequence was embarked upon. On this occesion, a 1.5 
cm mucous cyst was observed above the larynx, which 
arose from the posterior arytenoid area. The fibrescope 
was manoeuvred with some difficulty past this obstruc- 
tion. A tracheal tube was manipulated into -he trachea 
over the rhinoscope, but on withdrawal of th» latter, the 
tube kinked and obstructed. It was therefore withdrawn 
and the technique abandoned in favour of spinal anaes- 


Uy 


thesia and sedation with Entonox. This proved effective 
and surgery was completed without further problems. 

Postoperatively, the parent gave a history of two 
months dysphagia and weight loss following the 
original hip procedure. Subsequently, using the same 
rhinoscope, under ketamine and local anaesthetic, the 
mucous cyst was incised and deroofed, and a clear glairy 
fluid was released. Three weeks later there was no sign 
of the cyst and the child was eating well and was un- 
complaining. 

Accounts of crico-arytenoid arthritis in juvenile 
chronic arthritis are well documented,>* but the 
formation of a laryngeal mucous cyst after intubation 
is not. It is reported since it is a potentially hazardous 
sequel of guided intubation with a fibre optic device 
with the inevitable minor trauma that accompanies this 
procedure. 
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Drowsiness after epidural opioids 


Frequency of respiratory depression as a complication 
of epidural opioid administration depends, amongst 
other factors, on the lipid solubility of the agent used, 
the dose administered and the site of injection.! Highly 
lipid soluble agents such as diamorphine or fentanyl are 
rarely associated with respiratory depression, on 
account of their rapid cerebrospinal fluid (CSF) 
clearance in contrast to the more hydrophilic mor- 
phine.?3 

Nevertheless, caution should. be exercised in the use 
of epidural opioid analgesia even with the more 
lipophilic agents, especially when the thoracic site is 
used for injection, since CSF circulation time to the 
brain stem is reduced. The following is a report of a case 
of repeated respiratory depression and extreme 
drowsiness associated with thoracic epidural dia- 
morphine analgesia after thoracotomy. 

A previously fit 64-year-old man scheduled for total 
gastrectomy through a left thoraco-abdominal incision 
was premedicated with temazepam 20 mg orally. 
Anaesthesia was induced with thiopentone, double- 
lumen tracheal intubation was facilitated by suxa- 
methonium, muscle relaxation continued with 
alcuronium, and anaesthesia maintained with 66% 
nitrous oxide and 0.5% halothane in oxygen. Monitor- 
ing included central venous pressure measured via a 
right interna] jugular line and radial arterial pressure. A 
thoracic epidural catheter was placed at mid-thoracic 
level and 0.5% bupivacaine 7 ml injected after induction 
of anaesthesia. Surgery lasted 5 hours; 15 minutes 
before the completion of surgery, diamorphine 2.5 mg 
in 5 ml bupivacaine 0.25% and 1:200000 adrenaline 
was injected through the epidural catheter. Neuro- 
muscular blockade was reversed with intravenous 
neostigmine 2.5 mg and atropine 1.2 mg and, following 
satisfactory restoration of spontaneous ventilation, the 
trachea was extubated and the patient transferred to the 


intensive care unit. 

One hour after the epidural diamorphine injection, 
the patient became very drowsy and his ventilation 
shallow, although the respiratory rate remained at 14 
breaths/minute. Arterial blood gas estimation revealed 
a Paco, of 9.5 kPa. The patient became fully awake, 
with a respiratory rate of 30/minute, after intravenous 
naloxone 0.2 mg; he had an arterial Paco, of 6.2 kPa 
and was still pain free. 

Excellent analgesia was maintained for 8 hours, when 
a second injection of diamorphine 2.5 mg in 5 ml 0.9% 
saline with 1:200000 adrenaline was given. No 
drowsiness or obvious respiratory respiratory depres- 
sion occurred on this occasion, but an arterial Paco, 
estimation 1 hour after injection was 7.3 kPa. A third 
injection of epidural diamorphine 2.5 mg in 5 ml 0.9% 
saline with 1:200000 adrenaline 11 hours later was 
followed again by extreme drowsiness 4 hours later, 
with an arterial Paco, of 8.4 kPa, although the 
respiratory rate was 20 breaths/minute. Intravenous 
naloxone 0.2 mg again awoke the patient fully without 
pain and restored the arterial Paco, to 6.2 kPa. 

The patient had an otherwise excellent, pain and 
complication-free, postoperative period. Later, intra- 
muscular injections of morphine, 10 mg, caused no 
undue sedation or respiratory depression. 

This case illustrates that respiratory depression may 
occur even after a small dose, 2.5 mg, of a lipid soluble 
opioid, diamorphine. Addition of 1:200000 adrenaline 
to- decrease systemic uptake may have resulted in 
greater CSF concentration and brain stem uptake of 
diamorphine.* Alternatively, in view of the early 
respiratory depression in the first instance, it may be 
that rostral spread occurred through the internal 
vertebral venous system, possibly as a result of raised 
intrathoracic pressure due to artificial ventilation.’ 

The extreme sedation seen here is not generally 
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remarked upon in the literature, but has been reported 
in some clinical studies.* It is noteworthy that it was 
dramatically improved by naloxone. This case also 
emphasises that the respiratory rate is an unreliable 
guide to respiratory depression; in patients at high risk 
of this complication, notably those in whom thoracic 
epidural opioid analgesia has been administered, 
arterial blood gases should be checked. 

In conclusion, epidural opioid analgesia, even using 
a lipid soluble agent such as diamorphine, may result in 
respiratory depression. Its likelihood may be influenced 
by the use of the thoracic route, the dose of agent used, 
addition of adrenaline and by concurrent controlled 
ventilation at the time of injection. Careful respiratory 
monitoring is essential. : 
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The width of the posterior epidural space in obstetric patients 


The interest currently being shown in the combined 
spinal epidural technique prompts us to publish some 
data we have on the width of the epidural space in 
obstetric patients. We have been using a recently 
described modification of this combined technique! to 
estimate the width of the posterior epidural space in the 
midline, in 33 patients for Caesarean section. 

All patients were in the left lateral position, and great 
care was taken to advance the Tuohy needle (16-G) 
slowly enough to avoid pushing it further than neces- 
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sary into the epidural space, which was detected by the 
loss of air resistance. A spinal needle (26-G; 15-cm) was 
then advanced through the Tuohy needle with similar 
caution, and clamped with a pair of small lightweight 
artery clips as soon as the dura was felt to have been 
pierced. The spinal needle, with artery clip still attached, 
was re-inserted after the procedure into the Tuohy 
needle, and the length of spinal needle protruding from 
the end was measured to the nearest half millimetre. 
This length was taken as an index of the width of 
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epidural space, on the assumption that both the Tuohy 
and the spinal needle had entered their respective 
epidural and dural spaces to approximately the same 
depth. 

The results for each lumbar interspace are shown in 
the figure. Neither patient height (measured at the 
booking clinic) nor lumbar interspace number showed 
any significant correlation with epidural width. The 
results were therefore pooled (n = 33): the mean (SD) 
epidural width was 6.8 (1.9) mm and the mean (SD) 
height was 1.57 (0.06) m. 

Published data regarding the width of the adult 
posterior lumbar epidural space are both sparse and 
indirect and there are none for obstetric patients. 
Bromage? indicates that this space is greatest in the 
midline ‘... in the second lumbar interspace, where the 
distance is about 5-6 mm in adult males. However, he 
gives no supporting reference for this statement. 
Bonica? gives the range as ‘... 4-6 mm in the lumbar 
region’. In a dissection study, Cheng* gives a value of 
6mm for ‘... the average person’. Resin cast data from 
cadavers suggest ranges of 2-9 mm‘, and 1-9 mm. 
However, in the latter study, widths greater than 3 mm 
were associated with posterior compression of the dural 
sac. In a recent detailed dissection study of the lumbar 
epidural space’ the width of the posterior epidural space 
was not measured. Myelographic data do exist? for 
the posteriolateral and anterior lumbar epidural spaces, 
but not for the space in the midline posteriorly. 
Meaningful comparison is therefore very difficult. Even 
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so, our values, which we believe are the first published 
measurements in obstetric patients, do not differ 
significantly from those already published. 


R.W.D. NICKALLS 
M.S. KOKRI 


Department of Anaesthetics, 
The Royal Victoria Infirmary, 
Newcastle-upon-Tyne, 

NEI 4LP 


References 


1. Nickas RWD, Dennison B. A modification of the com- 
bined spinal and epidural technique. Anaesthesia 1984; 39: 
935-6. 

2. BROMAGS PR. Epidural analgesia. London: Saunders, 1978: 
13-4. 


3. Bontca JJ. Principles and practice of obstetric analgesia and 
anaesthesia. Oxford: Blackwell Scientific Publications, 1967: 
p. 622. 

4. CHENG PA. The anatomical and clinical aspects of epidural 
anesthesia. Part I. Anesthesia and Analgesia 1963; 42: 
398—406. 

5. Husmæyer RP, Ware DC. Topography of the lumbar 
epidural space. A study in cadavers using injected polyester 
resin. Anaesthesia 1980; 35: 7-11. 

6. HARRISON GR, PARKIN IG, SHAH JL. Resin injection studies 
of the lumbar extradural space. British Journal of Anaes- 
thesia 1985; 57: 333-6. 

7. Parkin IG, Harrison GR. The topographical anatomy of 
the lumbar epidural space. Journal of Anatomy 1985; 141: 
211-7. 

8. Lewrr K, Serscuy T. Lumbar peridurography with special 
regard to the anatomy of the lumbar peridural space. 
Neuroradiology 1975; 8: 233-40. 


Coronary artery air embolism in the presence of nitrous oxide 


We wish to report a complication which has arisen in 
two patients at this hospital during surgery for coronary 
artery vein grafts in the past 4 months. Both patients 
were admitted for elective surgery and angiography 
indicated good left ventricular function. The anaes- 
thesia was a benzodiazepine, opiate, relaxant technique 
and the lungs were ventilated with nitrous oxide 50% in 
oxygen prior to cardiopulmonary bypass. The lungs 
were ventilated with 100% oxygen and the perfusion 
was withdrawn after completion of sortocoronary 
gtafting. Neither patient required inotropic support. 
The cardiovascular status of both patients remained 
stable for 20 minutes and arterial blood analysis con- 
firmed good oxygenation, acid base balance and serum 
potassium. Nitrous oxide, 50%, was introduced at this 
time to the inspired mixture and, within a few minutes, 
both patients developed ST-segment depression accom- 
panied by a decrease in systolic blood pressure to 
between 60 and 70 mmHg. In the first patient, a nitro- 
glycerine infusion failed to modify the clinical 
condition, but improvement was quickly apparent 
when nitrous oxide was withdrawn. In the second 
patient, nitrous oxide was stopped immediately, the ST 
segments returned to the baseline and systolic blood 


pressure rose to 100 mmHg. The surgeons commented 
later that they had noticed air entering the grafts during 
the procedure. 

Hypotension at this time may be related to the 
introduction of nitrous oxide or may be coincidental. It 
is unlikely ta be coincidental, since it happened acutely 
after the introduction of nitrous oxide and rapidly 
resolved on its withdrawal. There is some evidence of 
inherent myocardial depression with nitrous oxide? but, 
usually, cardiac function is well maintained, 
particularly in patients with previously good left ven- 
tricular function. We consider that the most likely 
explanation is a rapidly expanding air embolism, which 
caused acute coronary occlusion. An increase in size of 
air emboli in the presence of nitrous oxide is widely 
known,? as is the risk of systemic emboli with intra- 
cranial surgery,? laparoscopy,* hip replacement’ and 
valve surgery.° The peroperative introduction of air to 
the graft is recognised, but we have found no reports of 
adverse consequences following the introduction of 
nitrous oxide to the anaesthesia. 

Anaesthetists should be aware of this complica- 
tion since it is probably more common than is re- 
cognised. 
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Pain with vecuronium 


Dr Kumar's observation that the intravenous injection 
of vecuronium is accompanied by pain (Anaesthesia 
1985; 40: 1018) verifies the prediction made here! and 
should be taken into account when using the priming 
principle. The two factors involved with pain on injec- 
tion are pH and tonicity. The vecuronium bromide 
preparation studied (Norcuron, Organon) had a pH of 
3.8, which is sufficiently low to produce pain or dis- 
comfort on injection and possibly venous sequelae if 
repeated injections are given. It should be pointed out, 
however, that to produce a pharmaceutical preparation 
with a satisfactory pH and isotonic is not a simple task. 
Often, unfortunately, a degree of pharmaceutical com- 
pleteness must be sacrificed in favour of stability and 
solubility of the active ingredients. The suggestion of Dr 
Kumar that the manufacturer should supply 2, rather 
that 1, ml of water-for-injection would not solve the 
problem. Instead, anaesthetists should adopt a good 


technique for administering intravenous -njections. 
This should include avoidance of sideports of intra- 
venous cannulae. A slow injection into the giving set of 
a fast-flowing infusion of, for instance, Ringer’s 
solution is best. 
Department of Anaesthesia, D.A. COZANITIS 
Helsinki University Central Hospital, 
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Delayed ‘immediate’ bupivacaine toxicity during axillary brachial plexus block 


We would like to report a case of delayed toxicity 
associated with axillary brachial plexus block. 

A 64-year-old, 70-kg man with bullous emphysema 
was admitted for excision of a melanotic lesion of his 
right index finger. He had been admitted 12 weeks 
previously with pneumonia and had experienced spon- 
taneous pneumothoraces in the past. 

Premedication with papaveretum 20 mg and hyoscine 
0.4 mg resulted in satisfactory sedation. A right axillary 
block was performed after skin infiltration with | ml 2% 
lignocaine. The axillary artery was palpated and fixed 
against the humerus and the neurovascular sheath was 
penetrated by a 23-gauge needle anterolaterally to the 
artery. The patient complained spontancously of 
paraesthesia in the hand. After aspiration through a 25- 
cm electrocath connected to the needle, 30 ml of 0.5 
percent bupivacaine were injected. The needle was held 
steady throughout the injection and manual com- 
pression was applied to the upper arm just below the 
axilla to prevent distal spread of the anaesthetic, as 
advocated by both Eriksson! and Moore.? 

After 5 minutes, the manual compression was 


released and within 30 seconds the patient complained 
of feeling unwell, became restless and rubbed his lips. 
He then went rigid for 10 seconds with deviation of the 
eyes to the right. Oxygen was administered and a few 
seconds later he opened his eyes and complained of 
feeling strange and uncomfortable. Systolic blood 
pressure was 70 mmHg and pulse rate 60/minute. The 
blood pressure increased to 120 mmHg over the next 10 
minutes and the patient felt better. 

Satisfactory anaesthesia developed in the erm; the 
operation was carried out and recovery from the 
anaesthetic was uneventful. The following morning 
the patient complained of dyspnoea and collapsed 
shortly after visiting the lavatory. Resuscitation was un- 
successful. 

Postmortem examination revealed a large pulmonary 
embolus in the right lower lobe artery, numerous areas 
of pulmonary infarction and a deep vein thrombosis of 
the left calf. Examination of the area of brachia_ plexus 
block showed a single pinpoint haemorrhage marking 
the site of sheath puncture, with no sign of art=rial or 
venous puncture. It would appear that toxic symptoms 


were not due to inadvertent intravascular injection, 
although the episode that followed release of upper arm 
compression exactly mimicked this. There is good 
evidence that local anaesthetic can enter large intact 
vessels following paracervical block;? it is therefore 
quite plausible that bupivacaine could have diffused 
into a relatively empty axillary vein and the bolus effect 
resulted from venous washout following release of the 
occluding hand. 

This case illustrates a potentially serious source of 
morbidity in an otherwise well-tolerated procedure. The 
complication is not mentioned in the standard texts, but 
we consider that anaesthetists should be aware of it. 
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Topical adrenaline 


It is well known that the intra-operative infiltration of 
adrenaline is associated with appreciable absorption 
and the potential for complications.! We would like to 
present a case where the topical use of adrenaline was 
accompanied by potentially serious complications. 

A 3-month-old child was anaesthetised with iso- 
flurane, atracurium and the lungs ventilated with 30% 
oxygen 70% nitrogen and 1% isoflurane, for trabeculec- 
tomy for congenital glaucoma. Ten minutes after the 
start of the procedure, two drops of adrenaline 1% were 
instilled into one eye. Systolic blood pressure (recorded 
using an Arteriosonde), which had up until this time 
been 80-90 mmHg increased to more than 180 mmHg 
and the patient was peripherally vasoconstricted. Heart 
rate at this time decreased from 145 to 120 beats/ 
minute. No specific therapy was instituted and the 
blood pressure gradually returned to 100 mmHg over 
the next 20 minutes. The patient recovered unevent- 
fully. 

It was pointed out that the patient had been receiving 
similar doses of topical adrenaline to both eyes for some 
time pre-operatively, apparently without untoward 
effect. Consequently, it was decided that further 
adrenaline should be administered, but only with 
careful monitoring of blood pressure. On ten occasions 
postoperatively, topical adrenaline (1% one drop to 
both eyes) was given. Systolic blood pressure was 
recorded every minute using an EME automatic blood 
pressure measuring device. On these occasions, systolic 
pressure increased only by 20 mmHg. 

It was established that the child had received 1.5 mg 


of adrenaline intra-operatively; this is a dose which 
would not be permitted by local infiltration. Absorption 
of drugs from the conjunctiva is known to occur; the 
rate and extent is determined both by the nature of 
the drug itself as well as local conditions affecting the 
conjunctiva. Indeed, a similar case has been reported’ 
previously, where the intra-operative use of topical 
phenylephrine (10% solution) during ophthalmic sur- 
gery in a child was associated with an increase in systolic 
blood pressure to 230 mmHg.? 

We suggest that when unanaesthetised, most of the 
administered adrenaline rapidly disappears, by crying 
and eye wiping. This does not occur with drugs given 
during anaesthesia and all of the administered adren- 
aline is in a state available for absorption. Caution is 
advocated when adrenaline is administered to the con- 
junctival sac during anaesthesia. In addition, it is 
possible that a reformulation of the adrenaline, perhaps 
in the form cf an ointment, would allow the use of more 
dilute concentrations of adrenaline to be used with 
equal efficacy. 


Department of Anaesthesia, N.R. WEBSTER 
Leeds General Infirmary, W. HINTON 
Leeds, 1 

References 


1. Gray TC, Nunn JF, UTTING JE. General anaesthesia Vol 1. 
4th Edn London, Butterworths, 1980: 172-3. 

2. Sotosxo D, Sirra RB. Hypertension following 10 per cent 
phenylephrine ophthalmic. Anesthesiology 1972; 36: 187-9. 


Acid aspiration 


Dr Crawford! remarks that two questions are often 

. raised in discussion about the acid aspiration syndrome: 
why does it seem to be a lethal event more frequently 
among obstetric patients than among nonobstetric 
patients and why did none of the patients in Mendel- 
son’s original report die of acid aspiration? 


The use of ergometrine during Caesarean section 
(C-S) may be an aggravating factor in the develop- 
ment of the acid aspiration syndrome, but there are 
other causes that may play an important role. It is well 
known that even in well developed countries, where 
anaesthetic services are well staffed and of high 
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standards, the excellence of care applies almost always 
only to the surgical ward, the obstetric ward being being 
the Cinderella, when it comes to anaesthesia equipment 
and staffing. 

It is not uncommon to find hospitals in the United 
States of America, where obstetric anaesthesia is 
provided in less than half of the cases by physician 
anaesthesiologists; the remainder is done by other 
personnel, obstetric residents, other medical officers, or 
paramedical personnel (nurse anaesthetists and mid- 
wives).? 

There may be a similar situation in the United 
Kingdom. The 1976-8 triennial report on Confidential 
Enquiries into Maternal Mortality in England and 
Wales, states that ‘death was usually due to a combina- 
tion of inexperience, low general standards of care in 
labour and in the operating theatre, and poor ad- 
ministrative practices in the form of unskilled assistance 
or isolation from fully equipped hospitals.* 

No doubt, the management of vomitus or regurgita- 
tion during the induction of a general anaesthetic is 
handled more adequately by an anaesthesiologist. The 
Mendelson syndrome, almost a postmortem diagnosis, 
will be the final result of improper care and inability to 
make an early diagnosis, and/or to initial mis- 
management. . 

Mendelson’s original report was published in 1946, 
when the standard technique for general anaesthesia 
consisted of spontaneous breathing, without tracheal 
intubation. It is well known that artificial ventilation 
spreads the aspirated gastric contents to the smaller 
bronchioles and worsens the effect of the acid aspira- 
tion. One of the advantages of tracheal intubation is 
that it protects the airway from aspiration of the 
vomited or regurgitated gastric contents. This is the 
reason why the majority of authors advocate the con- 
venience of intubation of every obstetric patient when 
a general anaesthetic is given. However, this standard 
practice has not avoided the occurrence of the complica- 


tion; indeed, in many a case, it has been even worse, be- 
cause controlled ventilation disseminates the aspirated 
material even more. It is well known that, in many cases, 
the possibility of regurgitation and aspirat:on occurs 
during induction, following unconsciousness and 
muscular relaxation, but before insertion of the tracheal 
tube.* In these cases, therefore, the only way to avoid 
the possibility of death from acid aspiration is to 
intubate the patient quickly, when this is feesible, and 
apply artificial ventilation for the shortest possible 
period of time beforehand. 

Another practical aspect of this discussion has led to 
the so-called difficult intubation drill, to stop attempts 
at intubation in cases of failed intubation, because these 
attempts encourage opening of the cardiac sphincter. In 
these cases, when the operation cannot be delayed, the 
anaesthetist has to use a facemask with volatle agents, 
and spontaneous ventilation, just as in the time of 
Mendelson’s report, but with the advantage of the 
modern halogenated agents for a smooth induction and 
a prompt recovery. 
Leyenda Patria 3118, S, Lionpas 
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Difficult tracheal intubation as a result of unsuspected abnormality of the temporomandibular joint 


This is a report of a case who could open her mouth 
wide pre-operatively but when she was paralysed with 
neuromuscular relaxants, would not open sufficiently 
for insertion of the laryngoscope blade. It required a 
bimanual, forceful and sustained triple airway 
manoeuvre! to establish an adequate opening. How- 
ever, when relaxed, the jaw retracted vigorously into its 
locked relaxed position. 

The almost-closed mouth permitted only the entry of 
the finger tips, which were placed posterior to the lower 
incisors. The mandible was manipulated from within, 
similar in effect to Safar’s modified triple airway 
manoeuvre by the thumb-jaw lift method.’ An 
adequate gap was created to insert the laryngoscope 
blade which then maintained the jaw forward. Intuba- 


tion was in fact easy. 

Malocclusion was noted pre-operatively, but no 
significance was attached to it. Subsequent ortkodontic 
assessment showed that the overbite (vertical overlap of 
the incisors) was severely increased and associazed with 
slightly greater than usual translation (forward gliding) 
of the condylar head in the glenoid fossa. X-ray of the 
patients’ temporomandibular joints (TMJs) revealed 
poorly defined and diminutive temporal eminences. 

The TMJ is a complex joint,? with two compartments 
separated by an articular disc for biphasic movement. 
Initial hinge rotation in the lower compartment 
normally gives ample clearance for the laryngoscope 
blade. This is followed by translation of the mandibular 
condyle on the temporal eminence for full opening. 


oa 


iy 


Lateral movement is dependent on differential gliding 
movement at the two TMJs. 

Possible reasons for the difficulty encountered are 
firstly, the severe overbite, which requires a greater 
clearance of the incisors, resulted in an inadequate gap 
during the initial rotation. Secondly, her usually greater 
translation may mean a greater force is required to open 
her mouth. Lastly, she may have a tight or extremely 
elastic posterior ligament (of the joint capsule), 
normally responsible for spontaneous retraction of the 
mandible. It is common experience that in some 
patients, it is difficult to keep the mandible forward 
without sustained protraction, while others have a lax 
jaw which is easily protruded to maintain a clear airway. 

The state of the TMJ can be affected by mal- 
occlusion. Its functional consequence can easily be 
gauged by the range of movement at the TMJ. It is not 
obvious whether the patients’ abnormality is congenital 
or secondary to her malocclusion. 

It should be the custom to assess mouth opening 
during the pre-anaesthetic visit. Had this not been done 
in the above case, the initial inability to open the mouth 
could have set in train a failed intubation drill un- 
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necessarily. The knowledge that the patient was able to 
open the mouth adequately made the anaesthetist 
experiment with various manoeuvres to unlock the 
TMJs. This confirmed, intubation was eventually an 
easy procedure. This case also draws attention to the 
point that some patients do not open their mouths 
adequately unless the mandible is unlocked or pro- 
tracted manually. 
Department of Anaesthetics, H.K. TEY 
Aberdeen Royal Infirmary, 

Aberdeen 
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A hazard of the Penlon off4ine vaporizer mounting system 


A recent incident in this department has drawn our 
attention to a potential hazard of the Penlon off-line 
vaporizer mounting system. 

One of the connecting hoses of the off-line mounting 
block became partially detached from the vaporizer 
during the course of an anaesthetic and caused loss of 
anaesthetic gases from the system. The patient, who had 
received muscle relaxants, was being maintained on 
70% nitrous oxide and enflurane delivered via a Bain 
system using the Penlon Nuffield 200 ventilator to 


provide intermittent positive pressure ventilation. The 
patient received only oxygen from the ventilator and 
had a greatly increased dead space as a result of the leak. 
There was, however, only a small loss of tidal volume 
and it was the signs of inadequate anaesthesia which led 
to the detection of the problem. The fault was then 
rapidly corrected and the remainder of the anaesthetic 
was uneventful. The patient later complained of aware- 
ness but not pain during the course of the surgical 
procedure. There were no other ill effects. 
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The anaesthetic machine had been carefully checked 
before use and at that time no leak had been present. 
The final part of the test involved using the oxygen flush 
and it is thought that the back pressure exerted on the 
system by this may have been enough to dislodge the 
connexion. Subsequent tests have shown that this is 
possible, although it does require the connectors al- 
ready to be slightly loose. 

The design of the Penlon off-line mounting system 
with the connexions without positive locking 
mechanism‘ will always present a potential hazard. 
Inadvertent disconnexion is particularly likely to occur 
when the anaesthetic machine is being moved around in 
the operating room. Loss of fresh gas flow would 
normally be detected promptly because of collapse of 
the reservoir bag or failure of a minute volume divider 
type of ventilator. This is not true when the Bain system 


and Penion Nuffield 200 ventilator is used and extra 
vigilance is requred. 

We have devised a simple clip which can be iitted over 
the off-line mounting connectors (Fig. 1), in order to 
prevent repetition of this accident. This not only ensures 
that spontaneous disconnexion will not take place, 
but also provides a visual confirmation of the integrity 
of the connexion. Different sizes of clip are required for 
different designs of vaporizer, but they are simple and 
inexpensive to make. We have discussed this problem 
with the manufacturers and they have indicated that a 
similar clip will be made available commercially. 


Department of Anaesthetics, R.H.K. MARSH 
Northampton General Hospital, N.F. THOMAS 
Northampton. 


Survey on breathing system disconnexions 


In January 1984 the Association of Anaesthetists 
of Great Britain and Ireland circulated to its 
members a questionnaire on accidental disconnexions 
in breathing systems. The questionnaire, prepared by 
the Bureau of Medical Devices of Health and Welfare 
Canada, was intended to compare the experiences and 
opinions of anaesthetists in the United Kingdom with 
those of their Canadian counterparts surveyed in 1983 
with the collaboration of the Canadian Anaesthetists’ 
Society.! 

The response rate in the survey (2.5% members) was 
too low to draw reliable statistical conclusions, but we 
would like to report qualitatively on the results. Both 
the Canadian and British surveys showed that 
accidental disconnexions are very common. However, 
because they are usually detected before harm comes to 
the patient, most anaesthetists have come to accept 
them and no longer regard them as an equipment fault. 
Both surveys gave almost identical results for the 
overall frequency of disconnexions, a median value of 
four per hospital per year. 

The three sites at which disconnexions occurred most 
often were, in order of frequency, the tracheal tube, the 
common gas outlet and the ventilator delivery hose. 
About half of the respondents use some sort of anti- 
disconnect mechanism, most often adhesive tape. Fifty- 
seven percent use antidisconnect alarms during ven- 
tilation of the lings. The use of alarms was one of the 
few major differences between British and Canadian 
practice: 87% of Canadian anaesthetists we surveyed 
reported using disconnect alarms. 

Although the majority of respondents agreed that the 
problem of disconnexions is due primarily to in- 
adequate design of the connectors, there were dif- 
ferences of opinion about the best solution. Many 
believed that improved connectors, perhaps with 
locking mechanisms, are urgently needed. However, 


about a quarter of respondents believed that anti- 
disconnect devices are unnecessary, because an anaes- 
thetist’s ‘duty of care’ demands careful attent:on to the 
patient at all times. A few actually stated that the use 
of antidisconnect devices would be hazardous, since it 
would encourage a false sense of security and a 
relaxation of attention. The fact that so few of the 
many accidental disconnexions result in harm to the 
patient is a tribute to the vigilance of anaesthetists. 
However, improvements in connector design should 
not be neglected on the grounds that the risk of 
disconnexions is beneficial as an encouragement to that 
Vigilance. 

An argument often cited against the use of anti- 
disconnect devices is that they would lead to an increase 
in the number of accidental extubations due to the 
elimination of a mechanical ‘fuse’ in the system. We 
believe that this is not a valid argument. A tracheal tube 
connector should not be expected to serve as a strain 
relief. The force necessary to pull apart a properly 
assembled 15-mm connector is itself more than enough 
to cause extubation. Furthermore, many anaesthetists 
tape the tracheal connector, thereby defeating its role as 
a mechanical fuse. 

In an age of high technology medicine, conical con- 
nectors are incongruous anachronisms. Few areas of 
industry or transportation would tolerete such 
notoriously unreliable components in a safety or life 
support system. Perhaps the major reason that technical 
solutions to the problem of disconnexions have been 
slow in coming is that the medical profession has not 
demanded them. Device manufacturers have produced 
several workable designs for locking connectors and 
others are under development. Their acceptance by the 
profession will depend on a decision by anazsthetists 
not to regard the nuisance and hazard of accidental 
disconnexions as unavoidable. 


Bureau of Medical Devices, P.D. NEUFELD 
Environmental Health Centre, ELIZABETH A. WALKER 
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Selectatec system: misplaced blood 


We would like to report a potentially serious incident 
which involved the Ohmeda Selectatec System. Iso- 
flurane is frequently administered during cardio- 
pulmonary bypass from a Tec 4 vaporizer with a com- 
patibility block mounted on the pump machine. When 
the vaporizer was turned on, no bubbling occurred in 
the oxygenator; when the vaporizer was removed from 
the compatibility block, gas flow resumed. No fault was 
found in the vaporizer. 

When the compatibility block was dismantled, an 
imperfection in the moulding of the lower seat of the 
inlet port valve was found. Sitting on this defect was a 
small clot of blood which prevented proper seating of 
the valve bearing. Thus, in the off position, the gas 
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supply by-passed the vaporizer normally. When the 
vaporizer wes switched on, the gas supply was 
prevented from entering the vaporizer by the mal- 
functioning irlet valve and could not flow through the 
bypass channel due to the normal operation of the 
outlet port valve (Fig. 1). 

It is suggested that when the vaporizer is removed 
from a Selectatec compatibility block, care should be 
taken to prevent contamination of the manifold port 
valves with debris. 


Royal Liverpool Children’s Hospital, J.M. GODDARD 
Myrtle Street, 
Liverpool L7 7DG 
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Two unilateral epidural blocks 


We would like to report the unusual management of a 
case of unilateral epidural block which supports the 
concept of a dorsomedian septum dividing the epidural 
space. 

One of us (RM) set up an epidural for the treatment 
of mild hypertension and the relief of labour pain for a 
25-year-old woman with an intra-uterine death. An 18- 
gauge cannula was inserted at the L,-L, interspace, 
with the patient in the left lateral position. Administra- 
tion ofa total of 15 ml bupivacaine 0.25 percent resulted 


in a right-sided block. Four further doses were ad- 
ministered with no improvement, despite withdrawal of 
the cannula by one centimetre. Thirteen hours after the 
cannula was inserted, the patient was still in labour and 
in some distress, despite two doses of intramuscular 
morphine 10 mg. 

The other author (GN) was asked to see her. She had 
bilateral pain and it was considered that her particular 
situation me-ited complete analgesia. A second epidural 
puncture was performed at the L,-L, interspace, with 
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the Tuohy needle directed to pierce the interlaminar 
ligament to the left of the midline. A second cannula was 
inserted and 9 mi lignocaine | percent injected. This 
produced effective analgesia on the left side only. Injec- 
tion of 5 mi bupivacaine 0.25 percent through the 
original cannula produced the desired effect of complete 
analgesia and a very grateful patient. 

We are not aware of any earlier reports of dual 
epidural cannulation for unilateral block. We are aware 
of only one potential complication: the severance of the 
original cannula by the second needle. In this case there 
were 9 cm of cannula in the patient and it was con- 
sidered that there were between 3.5 and 4.0 cm in the 
epidural space. For the second procedure, the needle 


was angled to traverse the interspinous space at as 
cephalad an angle as possible. It was our intention to 
continue the epidural block by giving increments of 4 ml 
bupivacaine 0.25 percent to each side, but in the event 
this was unnecessary as the labour prog-essed to 
delivery shortly after the full block was established. 

If a more cautious spacing of two rather than one 
intervertebral space were used, we feel that such a 
technique could offer the best course of management of 
this problem. 


(3. NUNN 
R.P.G. MACKINNON 


Walsgrave Hospital, 
Clifford Bridge Road, 
Walsgrave, Coventry CV2 2DX 


Premedication for children 


Dr Padfield’s comparison of temazepam and trime- 
prazine for the premedication of children having minor 
ENT surgery was interesting. (Anaesthesia 1985; 40: 
1138). What I found surprising was that it was con- 
sidered acceptable to proceed with an anaesthetic 
induction in the 12 and 16% respectively, of patients 
who were crying and struggling, that is they required to 
be held down by force, for the anaesthetic to be given. 
Induction was presumably by mask, since it is virtually 
impossible to perform an intravenous induction on a 
struggling child. 

Adrian While, a consultant ophthalmologist, recently 
commented about an anaesthetic given to his own 3- 
year-old daughter for a similar operation and evoked 
considerable sympathy in the subsequent corres- 
pondence. 

Minor ENT surgery is hardly of a life and death 
nature, and I would suggest that, when a child is so 
terrified that anaesthesia can only be induced during 
physical restraint, humanitarian considerations ought 
to result in the case being postponed until after a more 
substantia! premedication has been given. Better still. of 
course, would be to give this more substantial pre- 
medication in the first place. Gray and Nunn state that 
papaveretum 0.4 mg/kg and hyoscine 0.008 mg/kg is 
probably the best for children. 


I cannot remember any child crying or struggling 
after this premedication in the many years ic. which I 
have used it. Additionally, venepuncture is well 
tolerated, even when two or three attempts are required; 
thus, one avoids the unpleasantness of the mask and 
children are alert enough to go home the same day. 
Children do not object to injection half as much as is 
commonly supposed (I frequently do my own). and this 
is, I suspect, a myth which originates from the nursing 
staff. 


Dr While makes a plea that it is time we examined and 
changed our widespread methods of paediatr.c anaes- 
thesia. In this day and age, no adult would. tolerate 
being held down to be given an anaesthetic. Is itnot time 
that someone spoke up for the children? 
North Staffordshire Hospital Centre, A.J. CARTER 
City General Hospital, 

Newcastle Road, 
Stoke-on-Trent ST4 6QG 
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Apparent postoperative recurarisation 


We are currently investigating the use of muscle 
relaxants during cardiac surgery, associated with hypo- 
thermic, (30°C), cardiopulmonary bypass. The level of 
neuromuscular blockade is monitored with a Datex 
Relaxograph. This measures and records the 
electromyograph (EMG) of the hypothenar eminence 
muscles after ulnar nerve stimulation. It was continued 
until full recovery of neuromuscular function in the 
intensive care unit. 

On several occasions we have noticed a degree of 


recurarisation after the patient went to the intensive 
care unit. Figure | is the trace obtained from a patient 
in whom neuromuscular block was maintained with an 
infusion of atracurium. The trace covers the period after 
cardiopulmonary bypass and continues postoperatively 
into the recovery period. There is a marked decrease in 
the recorded level of neuromuscular transmission 
(EMG amplitude) after partial recovery of neuro- 
muscular function. This change in EMG amplitude 
correlated with a decrease in the patient’s peripheral 
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Fig. 1. Hypothenar muscle EMG amplitudes in response to train of four ulnar nerve stimulation. (T!-light, T4-heavy), demonstrating 
a decrease in amplitude as the peripheral temperature fell from 29.2-28.4°C. 


temperature, although the core temperature remained 
constant. This effect could be predicted from previous 
work on neuromuscular transmission and tem- 
perature,! which showed that acetycholine release was 
reduced by hypothermia in experimental animals and 
man. 

The clinical significance of the observation is that 
there may be a discrepancy between respiratory muscle 
power as assessed by respiratory effort and peripheral 
transmission as assessed by ulnar nerve stimulation at 
the wrist. 


Department of Anaesthetics, N.M. DENNY 
Papworth Hospital, D.W. BETHUNE, 
Papworth Everard, I. HARDY 
Cambridge CB3 8RE J.D. KNEESHAW 
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Oculocardiac reflex from the empty orbit 


Reflex cardiac dysrhythmias are well known to occur 
during ocular surgery, where the commonest manifesta- 
tion is sudden severe bradycardia resulting from pres- 
sure on the eyeball or traction on the extra-ocular 
muscles. 

We would like to report the occurrence of the 
oculocardiac reflex in a patient undergoing excision 
of a huge, haemorrhagic left peri-orbital tumour. 
Our patient was a 66-year-old male; the tumour 
was diagnosed as a moderately well differentiated 
squamous cell carcinoma. The growth measured 
18x 106 cm and CT scan revealed complete 
destruction of the left eye and its orbital floor. The 
tumour extended to the maxillary and ethmoidal 
sinuses and the nasal septum. There was no intracranial 
extension, but nasopharyngeal involvement could not 
be excluded. Despite the advanced stage of the tumour, 
systemi¢ screening revealed no distant metastases. On 
the basis of this finding, plus the fact that the patient 
required . blood transfusions to correct anaemia 
resulting froni frequent brisk haemorrhages from the 
tumour, surgical excision (simple or radical) was 
planned. Premedication consisted of oral diazepam 10 
mg 2 hours pre-operatively and intramuscular atropine 
0.6 mg 45 minutes before surgery. The patient also 
received 10 mg intravenous diazepam prior to in- 


halation induction with nitrous oxide, oxygen and 
halothane mixture. The trachea was intubated and 
tracheostomy performed with the patient breathing 
spontaneously. 

The patient’s lungs were ventilated through the 
tracheostomy with N,O O, mixture during excision of 
the tumour; 30 mg tubocurarine and 0.3 mg fentanyl 
were given at the beginning of the procedure. The 
electrocardiogram and intra-arterial blood pressure 
were continuously monitored and induced hypotension 
was provided with sodium nitroprusside. The heart rate 
and blood pressure were stable until about 45 minutes 
after the start of surgery, when the heart rate suddenly 
showed from 80 to 35 beats per minute and the systolic 
blood pressure declined from 80 to 30 mmHg. It was 
observed at this stage that the intra-orbital part of the 
tumour was being manipulated and excised. Cessation 
of manipulation followed by 0.6 mg intravenous 
atropine promptly restored both the blood pressure and 
the heart rate to their original levels. The rest of the 
operation proceeded uneventfully. 

Previous authors,!? have reviewed the anatomical 
pathways involved in oculocardiac reflexes. Kerr et al.? 
mention the anatomical basis of these reflexes. The 
occurrence of the reflex in our patient, in whom there 
was complete destruction of the eye and its socket, 
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supports the view expressed by Kerr that intact ciliary 
nerves in the orbit could still trigger the oculocardiac 
reflex in anophthalmic patients. 

We would like to suggest that, in addition to ocular 
surgery, in surgery on the empty orbit, and eyelid 
surgery in patients with Marcus Gunn Syndrome, 
oculocardiac reflexes should be anticipated in patients 
undergoing surgery for peri-orbital tumours, especially 
if there is orbital involvement. Appropriate monitor- 
ing and the well known measures for the prevention of 
oculocardiac reflexes should therefore be applied to 
these patients. 


Department of Anaesthesia, F. KHAN 
King Abdul Aziz University Hospital M.M. ANKUTSE 
P.O. Box No. 245 R. MUWA 
King Saud University, 

Riyådh 11411, 

Saudi Arabia 
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Traumatic nasotracheal intubation 


Nasotracheal intubation is a common anaesthetic 
procedure practised blind. Tubal obstruction by nasal 
polyp,’ nasal concha? and blood clot? have been 
described. However, the incidence of lesser quantities of 
tissue and secretions within the tube, collected during its 
passage through the nose and nasopharynx, is un- 
known. 

Nasotracheal intubation was performed on 100 un- 
selected patients aged 12-79 years, who presented for 
dental surgery. There were 41 males and 59 females. 
Pre-operative assessment included an enquiry into 
previous nasal problems. The relative patency of both 
nostrils was assessed before induction.* The more 
patent nostril was used for the first attempt at in- 
tubation; if they were equal, the right nostril was used 
first. 

Patients were premedicated with papaveretum and 
hyoscine and anaesthesia induced with thiopentone and 
suxamethonium. Tracheal intubation was with Magill 
plain red rubber nasotracheal tubes (Leyland Medical). 
Size 8.0 mm id tubes were selected for males and sizes 
7.0 or 7.5 mm for females. All intubations were carried 
out by one operator (DCH) and were initially attempted 
with the head in the ‘sniffing the morning air’ position 
and without rotation of the tube. 

Nasal passage of the tube was characterised as ‘no 
hold up’ if its passage was smooth and required even 
pressure. ‘Hold up’ was deemed to occur if there was a 
noticeable increase in the pressure required to pass the 
tube or if rotation or other manoeuvre was required. 

The tubal lumen was examined following passage 
into the oropharynx by clockwise rotation of the tube 
and by elevation and rotation of the tip with Magill 
forceps when necessary. Soiling was present if a discrete 
globule of material judged to be more than 2-3 mm in 
diameter was observed. Data analysis was performed 
using the Chi squared test. 

A 33 percent incidence of soiling was found (Table 1). 
In seven cases the material looked like adenoidal tissue. 
All seven cases were associated with bleeding and hold 
up during passage of the tube. The occurrence of nasal 
or nasopharyngeal hold up during intubation was 


Table 1. Comparison of soiling with hold up and bleeding 
Number of Number of tubes 
patients soiled (%) 
All cases 100 33 (33) 
No hold up 65 13 (20) 
Hold up 35 20 (57)* 
No bleeding 74 15 (20) 
Bleeding 26 18 (69)* 
No hold up or bleeding 56 9 (16) 
Hold up with bleeding 17 14 (82) 


*p<0.001. 


associated with an increased incidence of soiling 
(p<0.001), so was the observation of blood at 
laryngoscopy (p<0.001). Indeed, when naso- 
pharyngeal hold up occurred, together with bleeding, 
there was an 86 percent incidence of soiling. In three of 
these cases, 50 percent of the tubal lumen was occluded, 
twice by soft tissue and once by blood clot. 

These results show that soiling is a common occur- 
rence and is a particular problem when hold up during 
passage into the nasopharynx is accompanied by 
bleeding. It is not suggested that the technique of blind 
nasal intubation be abandoned. However, when intuba- 
tion or throat packing is done under direct vision, con- 
sideration should be given to inspection of the tubal 
lumen prior to intubation. 


Department of Anaesthetics, 
St George’s Hospital, 
Tooting, SW17 OQT 
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A case for tonsillectomy 


A healthy 4-year-old boy presented for surgical treat- 
ment of a hydrocoele under general anaesthesia. He was 
noted to breathe through his mouth and to have very 
enlarged tonsils. Anaesthesia was induced with thio- 
pentone and he breathed in 50% N,/O, via a facemask. 

It was difficult to maintain a clear airway, so his 
trachea was intubated. Spontaneous ventilation was 
allowed throughout the procedure and continued after 
extubation in the supine position, when the lower jaw 
was supported. However, when placed in the tonsillar 
position for transfer to the recovery area, he became 
peripherally cyanosed, with marked supraglottic airway 
obstruction. No stridor occurred and it was not possible 
to relieve the obstruction by pulling the lower jaw for- 
wards or by manual ventilation with a bag and mask. 

When he was placed supine again, the obstruction 
was relieved and satisfactory spontaneous ventilation 
was possible with only slight support of the jaw. The 


obstruction returned when he was in the tonsillar 
position and was only relieved when he was supine. It 
was now obvious that the enlarged tonsils were the 
cause and a nasal airway was passed which allowed 
spontaneous ventilation in the tonsillar position. When 
this was removed later, he still had some degree of 
obstruction, but if he lay supine his airway was 
adequate. 

He was referred for an ENT opinion for tonsillec- 
tomy, because were he to be rendered unconscious after 
an accident, he could obstruct his airway if he were 
placed in the traditional coma (tonsillar) position, with 
fatal consequences. 


Craigavon Area Hospital, R. Cooper 
Craigavon, 


Co. Armagh BT63 5QQ 


Intra-articular bupivacaine for pain relief in arthroscopic surgery 


The letter by Dr Hughes (Anaesthesia 1985; 40: 821) is 
interesting. Whereas I cannot dispute the statistically 
significant superiority of his technique of femoral nerve 
block over intra-articular bupivacaine or postoperative 
(presumed intramuscular) papaveretum, there are a few 
points which concern me about this study. 

Firstly, it is well documented that complete afferent 
blockade of the knee joint requires local analgesia of 
femoral, obturator, and sciatic nerves, although most 
authorities agree that there is a great deal of individual 
variation in the proportion contributed by each 
trunk.'-? Dr Hughes’ comment that a solitary femoral 
block should provide complete analgesia for arthro- 
scopic surgery is thus not correct on anatomical 
grounds, 

Secondly, we are given no information on the 
technique of femoral block employed (viz: paravascular 
single injection, with or without elicitation of paraes- 
thesiae or electrical stimulation, or fan shaped barrage 
infiltration). If we assume that a paravascular technique 
was used, employing the volume of bupivacaine stated, 
it is likely that a lumbar plexus block would occur in a 
substantial number of cases.? The standard volume of 
local analgesic for isolated femoral block is quoted to 
be 5-10 ml.* If my assumption is correct, then it is not 
surprising that the results quoted demonstrate super- 
iority of block over the other groups, since both femoral 
and obturator nerves are probably blocked. 

Thirdly, Dr Hughes tells us that the Bristol surgeons 
do not employ vasoconstrictor in their intra-articular 
injection. Many units, including our own, routinely 
employ 1/200 000 adrenaline in this type of technique. 


This would seem a reasonable manoeuvre to reduce 
absorption of bupivacaine from the inflamed synovium 
and therefore prolong and intensify the analgesia and 
also perhaps confer some haemostasis. Two major 
monographs have recommended the use of a vaso- 
constrictor, albeit with other local analgesics.1* 

Finally, the author does not mention whether his 
patients were inpatients or day cases. A femoral block 
(or a lumbar plexus block) is surely contraindicated in 
day case arthroscopic surgery, because of the inevitable 
motor blockade which may hamper rapid ambulation 
postoperatively. It is early mobilisation, made possible 
by the reduced surgical trauma of an endoscopic tech- 
nique, which is responsible, in part, for the reduction in 
postoperative morbidity when compared with an open 
surgical approach. 


Department of Anaesthesia, R.J, EASTLEY 
Foothills Hospital at the University of Calgary, 
1403-29th Street, N.W., 

Calgary, Alberta, 

Canada, T2N 2T9 
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Power failure in an intensive care unit 


The intensive care unit at Gloucester Royal Hospital 
recently experienced a total power cut when the mains 
supply cable to the block shorted out. The unit was 
suddenly plunged into complete darkness, with failure 
of all monitors, ventilators and infusion pumps. At the 
time there were six patients on the unit, four of them on 
ventilators and two dependent upon inotropic support. 
Attempts to sort out the situation in a calm and orderly 
manner were not aided by the clangour of four 
electronic ventilator and seven infusion pump alarms 
and the agitation of visiting relatives. Power was 
restored after seven minutes and, fortunately, all the 
patients survived the experience without harm. 

The incident, however, emphasised several important 
points. Firstly, the need for one nurse to be present in 


the unit at all times for each ventilated patient. 
Secondly, the need for an alternative manual method of 
ventilation which does not require reconnexion of 
pipelines or flowmeters. Re-organisation o? the gas 
supplies would have been impossible in the darkness. 
Thirdly, some auxillary form of lighting must be avail- 
able. There was no -built-in emergency lighting in the 
ward and one of the two available torches had.a' broken 
bulb. Finally, it is wise to ensure that when patients are 
dependent upon inotropic support or hypotensive 
agents, the infusion pumps supplying these drugs 
should have battery back-up. 
Gloucestershire Royal Hospital, C.J.H. JOHNSON 
Gloucester, GLI 3NN 


Unpredictable spread of heavy cinchocaine 


With reference to the letter from Drs Bembridge, 
Macdonald and Lyons (Anaesthesia 1985; 40: 1018), I 
have seen two cases of an unpredictable and patchy 
block following spinal anaesthesia for Caesarean 
section. Both were routine spinals performed in the left 
lateral at the L2-3 interspace and both had a high (T;) 
and low (S3-4) level without a surgical block between. 
This was attributed to the anaesthetic being introduced 
at the apex of the accentuated lumbar fordosis seen in 
these patients. 

Without knowing more details of the technique used 
by the above authors, specific conclusions cannot be 


reached, but an accentuated lumbar lordosis may cause 
a rapid pooling of heavy local anaesthetic solutions and 
this may result in poor and unpredictable block unless 
the patient has such a curvature reduced at the time, 
using accepted techniques. 


Department of Anaesthetics, C.A. MOORE 
Scunthorpe General Hospital, 

Cliff Gardens, 

Scunthorpe, 


South Humberside 


The wse of a biopsy brush wire as a bronchoscope guide 


The fibreoptic bronchoscope/laryngoscope is being 
increasingly used in cases of difficult intubation. One 
disadvantage of the system is that the bronchoscope has 
to be preloaded with the appropriate sized tracheal 
tube. Recently, when using this method in a patient with 
rheumatoid arthritis, great difficulty was experienced in 
finding, and entering, the larynx. It was then found that 
the tube was too large to enter into the trachea, 
probably as a result of three previous elective tracheo- 
stomies. A bronchial cytology brush wire was passed via 
the side channel of the bronchoscope into the trachea 
and the bronchoscope removed, leaving the wire in 
place. The bronchoscope was then loaded with a smaller 


tracheal tube and the bronchoscope re-in-roduced 
without difficulty, using the wire as a gu:de. The 
intubation was then completed without difficulty. 
This system could usefully be employed in cases of 
difficult intubation, where the appropriate size of 
tracheal tube is unknown, for example where there has 
been previous tracheal surgery or in paediatric practice. 


Department of Anaesthetics, S.P. GERRISH 
Cardiothoracic Unit, G.A. WESTON 
Northern General Hospital, 


Sheffield S5 7AU 
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A problem with Murphy's eye 


The design of several polyvinylchloride tracheal tubes 
includes a fenestration near to the tip (Murphy’s eye), 
which allows ventilation to the right lung even when the 
tube is placed too close to the carina. This fenestration 
may lead to problems when Magill forceps are used 
during nasotracheal intubation. When the tip of the 
tube is grasped between the jaws (the cuff area is 
avoided to prevent inadvertent puncture of the cuff) and 
passed into the larynx, the tip of one arm of the forceps 
may slip through Murphy’s eye and become lodged, 
which necessitate manoeuvres to distangle the two. This 
can result in both laryngeal damage and inadequate 
ventilation during this period. 


In order to avoid this, an alternative method of 
nasotracheal intubation would be to insert the nasal 
tube as far as the oropharynx, pass a long (40 cm) 
reinforced plastic introducer through the lumen, to lie 
just proximal to the larynx, and then, using Magill’s 
forceps as necessary, manoeuvre the introducer through 
the cords befcre the tracheal! tube is passed over it into 


the larynx. 


Newcastle General Hospital, J.F. HARRISON 
Westgate Road, 


Newcastle upon Tyne NE4 6BE 


Spinals 


There was a saying before the advent of general anaes- 
thesia that the kind surgeon warms his knife prior to 
cutting; today it would be appropriate to paraphrase it 
to the kind anaesthetist warms his needle (and cleansing 
lotion) prior to injection. 

The cleansing solutions and needles used for regional 
anaesthesia are normally stored in the anaesthetic room 
and are, therefore, about 20°C cooler than body tem- 
perature. A cold cleansing lotion applied to the skin 
startles the patient, with the result that the muscles tense 
and, thus, the carefully arranged position is lost. 
Keeping the cleansing solution in the theatre warming 
cabinet would solve this problem and would be 
appreciated by the patient. 

Cold needles affect cerebrospinal fluid (CSF) tem- 
perature and thus, when a spinal subarachnoid block is 
performed using a fine (25 G) spinal needle inserted 
through an introducer, the first 0.5 ml of aspirated CSF 
feels cold when it is tested on the operator's forearm. 


Initially, I thought that this observation would in- 
validate the differential temperature test between CSF 
and saline used to localise the epidural space. However, 
if a wide boze spinal (or epidural) needle is used, or if 
the introduction of a fine spinal needle through the 
introducer takes time to reach the subarachnoid space, 
then the needle is warmed by the patient’s tissues and 
the ensuant CSF feels warm. The only useful applica- 
tion of this observation is to propound the law that ‘the 
skill of the subarachnoidist using a needle and intro- 
ducer is inversely proportional to the temperature of the 
ensuant CSF’. 

Keeping the needles in a warming cabinet would 
invalidate this law, while keeping them in a refrigerator 
would not provide a true reflection of skill. 


District General Hospital, F.F. CASALE 


Colchester, CO4 5JL 


Rational metric doses of anticholinergic drugs 


Dr Mirakhur (Anaesthesia 1985; 40: 1139) has com- 
mented on the odd doses of atropine we use. Atropine 
is available in ampoules containing 0.5 mg of the drug. 
We have used the preparation from Antigen for several 
years now. Calculation of paediatric doses is much 


easier than with the old 1/100 grain ampoules. 


Queen Mary's Hospital For Children, 
Carshalton, 
Surrey, SMS 4NR 


P. RADPORD 


A further modification for direct arterial and central renous pressure monitoring 


Further to the letter by Dr Wilson (Anaesthesia 1985; 
40: 711) about combined central venous and direct 
arterial pressure monitoring, we describe a further 
simplification of this method, in which one tap only 
need be adjusted. 

The direct arterial and central venous pressure lines 


are both connected, via their Intraflos, to a three-way 
tap, using a male-male connector on the central venous 
pressure line. To monitor arterial pressure, the central 
three way tap, or ‘switch tap’, is put to the position 
shown in the figure. To change to central venous pres- 
sure moni-oring, all that is needed is a turn of the ‘switch 
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tap’ 90° anticlockwise; this simultaneously shuts off the Anaesthetic Department, N.C. Huppy 
arterial pressure monitoring. Queen Victoria Hospital, ALICE GAYNOR 
This simple modification is an improvement. East Grinstead, 
West Sussex RH19 3DZ 
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EKELUND, L., ENHORNING, G. American Journal of 
Obstetrics and Gynecology 1985; 152: 1063. 

Diabetes insipidus in pregnancy. FELDBERG, D., 
Dicker, D. et al. Israel Journal of Medical Sciences 
1985; 21: 695. 

The effect of oral ritodrine therapy on glucose tolerance 
in pregnancy. MAIN, D.M., Main, EK. et al. 
American Journal of Obstetrics and Gynecology 1985; 
152: 1031. 

A study of epidural fentanyl with and without 
epinephrine for post-Caesarean section analgesia. 
ROBERTSON, K., DouGias, M.J., MCMorRLAND, G.H. 
Canadian Anaesthetists’ Society Journal 1985; 32: 
502. 

Effect of isoproterenol on uterine blood flow and 
cardiac output distribution in pregnant guinea pigs. 
Van DE WALLE, A.F.G.M., MARTIN, C.B. American 
Journal of Obstetrics and Gynecology 1985; 152: 1058. 

Epidural fentanyl in labour. An evaluation of the 
systemic contribution to analgesia. VELLA, L.M., 
Witxatts, D.G. et al. Anaesthesia 1985; 40: 741. 


Paediatric anaesthesia and intensive care 


The management of cardiac arrest in infants and 
children. Bray, RJ. British Journal of Hospital 
Medicine 1985; 34: 72. 

Differential response of respiratory muscles to airway 
occlusion in infants. CAROL, W.A., MILLER, MJ., 
MARTIN, R.J. Journal of Applied Physiology 1985; 59 
847. 

Effects of positive end expiratory pressure during 
ventilation of the preterm infant. Freip, D., MILNER, 
A.D., Hopxin, LE. Archives of Diseases in Child- 
hood 1985; 60: 843. 


Neonatal effects of maternal nadolol therapy. Fox, 


R.E., Marx, C., STARK, A.R. American Journal of 
Obstetrics and Gynecology 1985; 152: 1045. 

Preferential blood flow increase to the brain stem in 
moderate neonatal hypoxia—reversal by naloxone. 
Lou, H.C., Tween, W.A., Davies, J.M. European 
Journal of Pediatrics 1985; 144: 225. 

Airway protective and abdominal  expulsive 
mechanisms in infantile regurgitation. MENON, A.P., 
Scuerrr, G.L., THACH, B.T. Journal of Applied 
Physiology 1985; 59: 716. 

Oral breathing in newborn infants. MLR, M.J., 
Marty, R.J. et al. Journal of Pediatrics 1985; 107: 
465. 

Life-threatening complications of sickle cell disease in 
children. Muis, M.L. Journal of the American 
Medical Association 1985; 254: 1487. 

Trials of high frequency jet ventilation in preterm 
infants with severe respiratory disease. PAGANI, G., 
Rezzonico, R, MARNI, A. Acta Paediatrica 
Scandinavica 1985; 74: 681. 

Episodes of apnea and bradycardia in the preterm 
newborn—impact on cerebral circulation. PERLMAN, 
J.M., VOLPE, J.J. Pediatrics 1985; 76: 333. 

Treatment of fetal cardiac arrythmias. WLADIMIROFF, 
J.W., STEWART, P.A. British Journal of Hospital 
Medicine 1985; 34: 134. 


Cardiovascular system 
Physiology 


Ionic movements and irreversible anoxic Camage. 
ALTSCHULD, R.A., WENGER, W.C., BRIERLEY, G.P. 
Basic Research in Cardiology 1985; 80: 151. 

Regulation of blood coagulation and thrombosis. 
BRET, E., Enaesser, L., Brommer, EJP. 
Haemostasis 1985; 157: 228. 

Hypokalemia from beta 2-receptor stimulation by 
circulating epinephrine. BROWN, M.J. American 
Journal of Cardiology 1985; 56: 3D. 

Hepatic plasma flow during sodium nitroprasside- 
induced hypotension in humans. CHauvim, M., 
Bonnet, F. et al. Anesthesiology 1985; 63: 287. 

Peripheral circulation in hypertensive patrents— 
findings by digital pulse plethysmography. FERRARA, 
L.A., STRAZZULLO, P. et al. Artery 1985; 12: 346. 

The role of the atria in fluid volume control. Karz, G., 
Camm, A.J. British Journal of Hospital Medicine 
1985; 34: 82. 

Effects of noradrenaline and isoproterenol on cardio- 
pulmonary function in a canine model of acute 
pulmonary hypertension. MoLLoy, D.W., LEE, K.Y. 
et al. Chest 1985; 88: 432. 

Malignant arrhythmia in relation to serum potassium in 
acute myocardial infarction. NORDREHAUG, J.E. 
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Mitral valve prolapse. OAKLEY, C.M. Quarterly Jcurnal 
of Medicine 1985; 56: 317. 


Mechanisms of ischemic injury in the heart. SCHRADER, 
J. Basic Research in Cardiology 1985; 80: 135. 

Central nervous system mechanisms in blood pressure 
control. STRUTHERS, A.D., DoLLery, C.T. European 
Journal of Clinical Pharmacology 1985; 28: 1. 

Prevention of epinephrine-induced hypokalemia by 
nonselective beta blockers. Vincent, H.H., MAN, 
A.J. et al. American Journal of Cardiology 1985; 56: 
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Drug treatment of heart failure. DoLLery, C.T., Corr, 
L. British Heart Journal 1985; 54; 234. 

Effects of long-term therapy with labetalol on 
lipoprotein in patients with mild hypertension. 
Hy Lanper, B., Exiasson, K. et al. Acta Medica 
Scandinavica 1985; 218: 51. 

Effects of dopamine and dobutamine on hemo- 
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Circulatory Shock 1985; 17: 95. 

Pacemaker Therapy. Kowsy, P.R., MULLAN, D.F., 
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65: 595. 

Ventilatory effects of long-term treatment with pindolol 
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Progress in the surgical treatment of cardiac 
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1985; 254: 1464. 

Recent advances in cardiopulmonary bypass and the 
clinical application of myocardial protection. LAZAR, 
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America 1985; 65: 455. 

Antibiotic cover for cardiac surgery. Leading article 
Lancet 1985; 2: 701. 
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Journal of Surgical Research 1985; 39: 183. 

Corticosteroid agents in intensive care. Ou, T.E. 
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Effect of diuretic therapy on ventricular arrhythmias in 
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The pharmacodynamics and pharmacokinetics of a new 
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1985; 29: 21. 

Digoxin interactions—the influence of quinidine and 
verapamil on the pharmacokinetics and receptor 
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Medica Scandinavica 1985; 218 (Supp! 697): 7. 
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Antiarrhythmic drug therapy (part 1). Poprip, P.J. 
Chest 1985; 88: 452. 

Slow channel calcium activators, a new group of 
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Effects of continuous infusion of intravenous nitro- 
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Respiration 
Physiology 


Ventilatory response to carbon dioxide and to isometric 
muscle contraction after administration of placebo, 
propranolol, mepindolol and salbutamol. Bosisio, E., 
COLOMBO, F. et al. Respiration 1985, 48: 116. 

Measurement of tidal breath by determination of chest 
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~ Lung fluid and protein flux during postoperative sepsis. 
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1985; 17: 121. 
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Y., Pouaer, J. et al. Muscle and Nerve 1985; 8: 586. 
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Journal 1985; $4: 321. 
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Obstructivz sleep apnea: variations in surgical manage- 
ment. CALDARELLI, D.D., CARTWRIGHT, R.D. et ai. 
Laryngoscope 1985; 95: 1070. 

Adult respiratory distress syndrome—prognosis after 
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onset. FOWLER, A.A., HAMMAN, R.F. et al. American 
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Central nervous system 
Physiology 
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Hepatic encephalopathy. Fraser, C.L., ARIEFF, A.I. 
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Endocrine and metabolic 
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Implantable infusion pump management of insulin 
Tesistant diabetes mellitus. BucHWALD, H., CHUTE, 
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Enhancement of adrenal cortisol secretion after 
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Pain 
Treatment and medication 
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Other 
Physiology 
Maximal perfusion of skeletal muscle in man. ANDER- 


sen, P., SALTIN, B: Journal of Physiology 185; 366: 
233. 
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Comparison of antacid, sucralfate, cimetidine and 
ranitidine in protection of- the gastric mucosa. 
TARNAWSKL, A., HOLLANDER, D. et al. American 
Journal of Medicine 1985; 79: 19. 
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News and notices 
Stop Press. Readers of this section are also referred to the Stop Press page at the end of this section. 


Obituaries 


Adams, Adam Stanislaw, FFARCS, DA. Formerly consultant anaesthetist to the Llanelli group of hospitals. 


Qualified from Edinburgh University in 1949. 


Bourne, Susan Patricia, FFARCS. Consultant anaesthetist at North Middlesex Hospital and St. Ann’s Hospital, 
London. Qualified at Westminster Hospital Medical School in 1970. 
Clayton, Richard Barnett, FFARCS, DA. Formerly consultant anaesthetist to Aylesbury Health District. Qualified 


at St. Bartholomew’s Hospital in 1940. 


Cuddigan, John Patrick, MB, BCH, BAO, DA. Formerly consultant anaesthetist to the Windsor group of Hospitals 
and Holloway Sanatorium. Qualified at the National University of Ireland in 1921. 
Griffith, Harold Randall, Hon. FFARCS. Late Professor of Anaesthetics at Montreal, Canada and first President 


of the WFSA. 


Hoggins, Eileen Mary, FFARCS, DA. Consultant anaesthetist Walsall group of hospitals. Qualified from the 


University of Birmingham in 1943. 


Parke, Frederick William, MBE, DA. Late consultant anaesthetist South Worcestershire Hospital Group. Qualified 


from University of Dublin in 1938. 


Ryder, David Alan, DA. Formerly anaesthetic registrar at Adelaide Hospital, Dublin. Qualified from University of 


Dublin in 1954. 


Association of Anaesthetists of Great Britain and Ireland 


The Association of Anaesthetists of Great Britain and Ireland, 9 Bedford Square, London WCIB 3RA, England. 
Telephone: 01-631 1650 (Ansafone service available out of office hours). 


Standing notices 


Full details of the activities of the Association are 
published in the January edition of Anaesthesia 
(106-111). These include details of membership, grants, 
(both travel and research) fees in independent practice, 
publications of the Association, educational and his- 
torical information. 


Membership of Council 


Group Captain C.A.B. Maclaren has replaced Colonel 
J. McEwan as the (coopted) representative of the 
Armed Forces. 


Fatere Meetings of the Association 
Annual Scientific Meetings 
1986—London, 18-19 September. 


1987—Sheffield, 10-11 September. 
1988—Southampton, 15-16 September. 


Linkman Conferences 


1986—London, 17 September. 
1987—Sheffield, 9 September. 
1988—Southampton, 14 September. 


Annua) Scientific Meeting—London, 
18-19 September 1986 


A Free Paper session will be held during the Annual 
Scientific Meeting and facilities will be available for 
poster demonstrations. The closing date for applica- 
tions for demonstration space and the free paper 
presentation is 30 June 1986. The title of poster 
demonstrations, the display area required, and sum- 
maries of free papers should be submitted to the 
Association office. 


Competence to practise 


The Association of Anaesthetists of Great Britain 
and Ireland and the Royal College of Psychiatrists are 


oe 


cooperating in a scheme to help sick anaesthetists early 
in their illness. 

The system depends upon voluntary reporting by 
colleagues and is not coercive. It must be emphasised 
that this scheme is supplementary to existing controls. 
Fitness to practise may be impaired through illness and 
the sick doctor for various reasons may not take any 
steps to remedy the situation. The scheme provides 
machinery whereby confidential psychiatric help can be 
offered to the ailing doctor from a source outside his 
own Region. 

The reporting clinician should contact the office of 
the Association of Anaesthetists to ascertain the name 
of a referee (Dr P.J. Helliwell, Dr D.C. Howat, Dr S.A. 
Mason) and need not identify himself to the office staff. 
The reporting clinician will be given the name, tele- 
phone number and availability of the referee. Prefer- 
ably, a second clinician will also be required to confirm 
the report to the referee. The referee will then contact 
a psychiatrist from another Region nominated by the 
College of Psychiatrists from a prepared list: the 
psychiatrist will then get in touch with the potential 
patient. 

No further information will be transmitted through 
the system unless the potential patient does not accept 
the offer of a visit to the nominated psychiatrist. In that 
case, the reporting physician(s) will be informed after a 
month that treatment has not been accepted. 

Suitable arrangements have been made for con- 
fidential treatment of the doctor-patient in another 
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Region and for the reimbursement of travel expenses. 


Anaesthesia in the Developing World 


The Association of Anaesthetists, through its Inter- 
national Relations Committee, receives many requests 
to provide lecturers and clinical instructors for Depart- 
ments of Anaesthesia throughout the developing world. 

There is considerable variety in the requirements of 
different locations, but the general policy of the 
Association is to provide an educational rather than a 
purely service commitment. Vacancies currently exist in 
Nigeria, Ghara, Zimbabwe and Zambia and are mostly 
of one year’s duration (although occasionally shorter 
periods are required). 

Anyone interested in service in a developing country 
who has the FFARCS diploma should write to 
Chairman of the International Relations Committee, 
Dr R.J. Eltingham, Department of Anaesthesia, 
Gloucestershire Royal Hospital, Gloucester GL] 3NN. 


Recent publications of the Association of Anaesthetists of 
Great Britain and Ireland 


Fees for anaesthetists in private practice. January 1986. 
Post-anaesthetic recovery facilities. 1985. Professional 
references in the National Health Service. Guidance and 
proforma, 1985. These, and earlier publications, are 
available from the Association office. 


The Junior Anaesthetists’ Group of the Association of Anaesthetists 
of Great Britain and Ireland 


All junior members of the Association are members of 
the Group. The Group committee has representation on 
various committees of the Association and Faculty. 


Committee 


Chairman: Dr G.W. Hamlin (7 Grange Park Close, 
Leeds, LS8 3BU. Tel. 0532 659114. Council of the 
Association. JCHTA Manpower and Working Party 
of Faculty, Advisory Panel and Faculty Tutors). 

Honorary Secretary: Dr Laurie Allan (Pentland 
Grove House, Seafield by Roslin, Midlothian, Edinburgh 
EH25 9RQ. Tel. (031) 445 2313. Hospital Junior Staff 
Committee, Council of Royal Society of Medicine, 
Editorial Board.). 

Committee members: Dr A.D.J. Nicoll (2 Hardwick 
Close, Ipswich IP4 5XB. Tel. (0473) 718432. Faculty 
Education Committee, Safety Committee, Linkman 
Coordinator). Dr 1. Woods (40 Coppice Avenue, Sale, 
Cheshire, M33 4WB. Tel. (061) 962 8860. International 


Relations Committee). Dr Nancy Redfern (Westfield 
House, Acom-b, Hexham, Northumberland. Tel. (0434) 
607444. Specialist Societies Committee). Dr Deborah 
Shiller (4 Lisa Court, Downsland Road, Basingstoke, 
Hants. Tel. (0256) 477885. CCHMS, Association 
Working Party on Manpower). Dr Anne Blyth (7 
Cleveden Gardens, Glasgow G12 OPU. Tel. (041) 34 
9974). Dr K.C. Lowry (10 Sandhill Park, Co. Armagh, 
BT66 7AX Tel. (07622) 22628. Coopted for Northern 
Ireland Meeting). 

Representative of Council: Dr RJ. Eltringham (Glow 
cester). 


Junior Group News 


The committee would like to express their thanks to Dr 
T.B. Boulton who has resigned as representative from 
Council on the committee. His committee work on 
behalf of the juniors has been much appreciated. The 
committee would also like to thank Dr Wendy Scott 
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who resigned as chairman after two years’ service, on 
appointment to a consultant post. The two vacancies on 
the committee will be filled by ballot at the Cardiff 
meeting. 


Annaal Meeting 


1987—Belfast, 8-10 April (Junior Linkman Meeting, 
April 7). 


Faculty of Anaesthetists of the Royal College of Surgeons of England 


The Faculty of Anaesthetists of the Royal College of Surgeons of England, 35—43 Lincoln's Inn Fields, London 
WC2A 3PN. Telephone: 01-405 3474 


Faculty News 
Frederic Hewitt Lecturer 


Dr D.B. Scott has been appointed Frederic Hewitt 
Lecturer for 1987. 


Fellowship ad eundem 


Dr A.M.S. Black, FFARCS, has been elected to the 
Fellowship ad eundem. 


Regional Educational Adviser 


Dr J. Baldasera has been appointed Faculty Regional 
Eductional Advisor in the Northern region in succes- 
sion to Dr L.J. Dunkin. 


Nuffield Prize 


The Nuffield Prize has been awarded to Dr S.S. Kee on 
the results of the Part 2 FFARCS examination held in 
October 1985. 


Examination results 


At the Part 1 FFARCS examination held in December 
1985 171 of the 366 candidates were successful. 


Postgraduate accommodation 


Bernard Johnson House, Fortis Green, London N2 9EX 
is a Foundation supported by private endowment 
by the British Council to maintain furnished flats for the 
use of full time postgraduate students who are married 
with no more than two children. Leases are for six 
months to eighteen months only. The flats are available 
to all members of surgical and medical faculties and the 
endowment gives priority to anaesthetists. British and 
overseas students are eligible. For further information 
write to the Warden at the above address. 


Faculty of Anaesthetists of the Royal College of Surgeons in Ireland 


The Faculty of Anaesthetists of the Royal College of Surgeons in Ireland, 123 St Stephen’s Green, Dublin 2. 
Telephone: Dublin 780200 (Ext 268). 


Dean: Dr P.W. Keane. 
Vice-Dean: Dr D.C. Moriarty. 


Honorary Secretary: Dr D.F. Hogan. 
Honorary Treasurer: Dr J.C. Cooper. 


Annual Scientific Meeting, 1986 


This meeting will be held on May 16-17 1986. There 
will be three topics: Adverse drug reactions, Anaesthetic 
applications of computers, and Muscle relaxants. The 
speakers include, Prof. J.B. Forrest (Canada); Dr S. 
McCann (Dublin); Prof. D. Campbell (Scotland); Dr G. 
Kenny (Scotland); Dr M. Slazenger (Dublin); Dr W.S. 
Wren (Dublin); Dr A. Synnott (Dublin); Dr W.C. 


Bowman (Scotland); Dr R.K. Mirakhur (Belfast). 

The Gilmartin Lecture will be delivered by Professor 
Sir J. Gordon Robson, CBE, DSc, FRCS, FFARCS, 
FFARCSI (Hon) on May 16. 


Faculty Lectures, 1986 


Autumn, September 26. 
Winter, December 12. 


FFARCSI Examinations, 1986 
Part 1, October 17 (closing date, September 5); part 2, 


ia 


é 


October 24 (closing date, September 12); part -3, 
November 28 (closing date, October 17). Revision 
course (Part 2) October 8-15. 
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For further information please write to the Honorary 
Secretary, Faculty of Anaesthetists, Royal College of 
Surgeons in Ireland, Dublin 2. 


Section of Anaesthetics of the Royal Society of Medicine 


Royal Society of Medicine, 1 Wimpole Street, London WIM 8AE. Telephone: 01-580 2070 


President: Dr Aileen K. Adams. 
Secretaries: Dr I.M. Verner (Department of Anaes- 
thetics, The Middlesex Hospital, Mortimer Street, 
London WIN 84A), Dr G.M.C. Patterson (Oxford). 
Meetings of the Section are held on the first Friday 
in the month and are held at 1 Wimpole Street, London 
WIM 8AE, at 5.30 p.m. 
Fellows of the RSM are welcome to bring guests if 
they wish. 


Programme 
1986 


18 Aprit—Hepatotoxicity of halothane—an enigma of 
drug toxicity. Professor M.J. Cousins (Australia). 

9 May—May & Baker R.S.M. Prizes Essays. Annual 
General Meeting. Annual Dinner. 

6 June—AU-day symposium: Anaesthesia and ENT 


surgery. 


Specialist Societies 


British Association for Immediate Care (BASIC) 


Chairman: K.C. Easton, OBE. 
Secretary: Hamish McLeod (The Hope, Moffat Dum- 
Sriesshire. Tel: Moffat 20314). 


Society of Anaesthetists of the British Forces in 
Germany 


President: Professor J.P. Payne (London). 
Secretary: Major S.T. Inglis, FFARCS, RAMC 
(BMH Rinteln, BFPO 20 Germany). 


Association of Cardiothoracic Anaesthetists 


Honorary Secretary: Dr R.D. Latimer (Papworth 
Hospital, Papworth Everard, Cambridge CB3 8RE. Tel: 
0480 830541). 


Future meetings 


1986—Inaugural Meeting of the European Association 
of Cardiovascular Anaesthetists. 
17-18 June, Cambridge. 
Information: Dr R.D. Latimer. 
2-5 September, Munich. 
Anaesthesia for cardiac patients. 
Information: ISACP/Interplan (Sophienstrasse 
1, 8000 Munchen 2). 


12 December, London. 

Information: Dr R. Feneck (London Chest) 

Hospita!, Bonner Road, London E2 9JX). 
1987—Spring Meeting—Cambridge. 

Information: Dr 1. Hardy (Papworth Hospital, 

Papworth Everard, Cambridge CB3 8RE). 

Autumn Meeting—Liverpool. 

Information: Dr J.C, Richardson (Broadgreen 

Hospitai, Thomas Drive, Liverpool L14 31B). 


Association of Dental Anaesthetists 


President: Dr T.M. Young (Manchester). 

Secretary: Dr M.A. Skivington (Department of Anaes- 
thetics, Poole General Hospital, Poole, Dorset BH15 
2JB). 
į Secretary/Edito: Dr M.E. Ward 
(Oxford). 


Future Meetings 


1986—27-28 June. Manchester Royal Infirmary. 
Information: Dr T.M. Young (Department of Anaes- 
thetics, Royal Infirmary, Manchester M13). 

1987—17 January. Queen Elizabeth Hospital, Post- 
gtaduate Medical Centre, Birmingham. 
Information: Dr P.J. Tomlin. 

11 July. Plymouth. 
Informasion: Dr F.S. Keddie. 
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Intensive Care Society 


Chairman: Dr Sheila M. Willatts (Bristol). 

Meetings Secretary: Dr C.J. Hinds (St Bartholomew's 
Hospital). 

Secretary/Treasurer: Dr D. Ryan (intensive Therapy 
Unit, Freeman Hospital, Newcastle upon Tyne 
NE7 7BE). 


Future meetings 


1986—11-12 April. Newcastle upon Tyne. 
1 November, Hospital for Sick Children, 
London. 

1987—9-11 April. Exeter University. 


The Intractable Pain Society of Great Britain and Ireland 


Chairman: Dr H. Rafferty (Dublin). 
Vice-Chairman/Chairman Elect: Dr K. Budd (Brad- 
Sard. 

Honorary Secretary: Dr T.P. Nash (Basingstoke District 
Hospital, Aldermaston Road, Basingstoke, Hampshire 
RG24 9NA). 


Prize Essay 


An annual competition is held for the best essays related 
to pain relief. Submissions to the Honorary Secretary 
by 31 August 1986. Essay contests are judged in two 
groups. Doctors in training and Society members. 


Future meetings 


1986—-3-5 April—Back Pain Association, Norwich. 
12-16 May—Hospice Care Conference, Lee 
Abbey, Lynton, North Devon. 

17-20 June—Scottish Terminal Care Meeting, 
St Andrews. 

26-29 June—Annual General Meeting and 
Scientific Meeting, Belfast. 

Hosts: Drs W.B. Loan, R. Armstrong and 
J. Cooper. 

26 September—Joint Meeting of the British 
Medical Acupuncture Society, Royal Society of 
Medicine. 

1987—-Annual General Meeting and Scientific 
Meeting, Liverpool. 

Hosts: Drs C. Wells and S. Lipton. 


Neuroansesthetists’ Travelling Club 


Information: Dr S.B. Foulds, Salford Health Authority, 
Pee! House, Albert Street, Eccles, Manchester M30 
ON]. 


Obstetric Ansesthetists’ Association 
President: Dr D.D. Moir (Glasgow). 


~ 


Honorary Secretary: Dr J. Thorburn (Department of 
Anaesthesia, The Queen Mother’s Hospita!, Yorkhili, 
Glasgow G3 85H). 

Treasurer: Dr A.P. Rubin (London). 

Minonte Secretary: Dr B.R. Wilkey (Cambridge). 

All UK membership enquiries to Dr J. Thorburn, 
please. 


Award 


The Association’s Gold Medal has been awarded 
to Professor M. Rosen (Cardiff). 


Future meetings 


1986—21 March. Dundee, Scotland. 
Host; Dr R. Milne. 
4-5 September, Coleraine, N. Ireland. 
Host: Dr J. Moore. 
Information about meetings is available from the 
host. 


Association of Paediatric Anaesthetists 


President: Dr G.W. Black (Belfast). 

Honorary Secretary: Dr P. Morris (Royal Manchester 
Children’s Hospital, Pendlebury, Manchester M27 
1HA). 


Future meetings 


1986—28 May—4 June. Joint meeting with the Swedish 
Society of Anaesthetists in Gothenburg and 
Stockholm. 

Information: Dr W.R. Hain {University 
Hospital, Queen's Medical Centre, Nottingham 
NG7 2YH). 

1987—20~21 March. Leeds. 

Information: the Honorary Secretary. 


Plastic Surgery and Burns Anaesthet=sts 


President: Dr C.C.M. Howie (Bangour). 

Honorary Secretary: Dr F.J.M. Walters (Department 

of Anaesthetics, Frenchay Hospital, Bristol BS16 ILE). 
Enquiries about membership to the Honorary Sec- 

retary, please. 


Future meeting 


1986—27 September. Whiston, Merseyside. 
Information Dr C.S. Ince (Departmen: of Anaes- 
thetics, St Helen’s Hospital, St Helen's, 
Merseyside WA9 3EA). 


The Russell Davies and Stuart Laird Prize 
The Society wishes to announce that this prize, £200, 


w 


has been generously donated by Abbott Ltd. The prize 
will be awarded for an essay connected with anaesthesia 
and plastic and burns surgery and is open to any career 
anaesthetist in the National Health Service. Appli- 
cations are invited for the prize which is to be awarded 
in October 1986, Further details are obtainable from 
the Honorary Secretary. 


Anaesthetic Research Society 
Chairman: Professor A.A. Spence. 
Honorary Secretary: Dr A.R. Aitkenhead (University 


Department of Anaesthesia, Leicester Royal Infirmary, 
Leicester LEI SWW). 


Future meetings (closing dates for papers) 


1986—1 1-12 April (28 February). University of Leeds. 
4-5 July (May 23). University of Newcastle. 
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15 November (3 October). St Bartholomew’s 
Hospital, London. 


Special notice 


Abstracts are photoreduced and must be submitted on a 
preprinted form, which is available from the Hon. 
Secretary. All correspondence and abstracts should be 
sent to the Hon. Secretary. 


Resuscitation Council (UK) 


Chairmam Mr A. Marsden. 

Secretary: Dr D.A. Zideman (Department of Anaes- 
thetics, Royal Postgraduate Medical School, Hammer- 
smith Hospital, London W12 OHS). 


Advanced life support 


Posters which illustrate the Council’s recommendations 
for Advanced Life support are now available. 


Home news and notices 


Honoars 


Dr M. Seigleman was appointed to the Order of the 
British Empire for Services to the East Lancashire 
Hospice. 


Consultant appointments 


Dr P.A. Acharya—King Khalid Eye Specialist 
Hospital, Riyadh, Saudi Arabia. 

Dr S.J. Carter—Northern RHA. 

Dr N.W.B. Clowes—North Staffordshire HA. 

Dr N.H. Duncan-——East Anglian RHA. 

Dr M.A.P. Durkin—Gloucester Royal Infirmary, 
Bristol & Weston HA. 

Dr A. Ferguson—Canterbury and Thanet HA. 

Dr R.M. Foxell—Wessex RHA. 

Dr S.L. Hill—Wessex RHA. 


Dr P.C.W. Hunt—East Anglian RHA. 

Dr J. Jenkins—Eastern General Hospital, Edin- 
burgh. 

Dr P.R. Layman—Trent RHA. 

Dr S.S. Lowe—East Anglian RHA. 

Dr S.W. Millar—South East Staffordshire and 
North Birmingham HA. 

Dr A. Naunton—East Anglian RHA. 

Dr D.C. Phillips—Trent RHA. 

Dr P.D. Phillips—East Anglian RHA. 

Dr V. Price—East Anglian RHA. 

Dr S.N. Saggar—BMH Munster, Germany. 

Dr S.A. Siddiqui—Calderdale Health Authority. 

Dr P. Smith—Trent Regional HA. 

Dr S.R. Swindells—St. James’s University Hospital, 
Leeds. 

Dr S. Taylor—Leicestershire HA. 

Dr D.A.B. Turner—Leicestershire HA. 


National and local events 


The diary is collated by Dr A. Padfield, Consultant Anaesthetist, Royal Hallamshire Hospital, Sheffield S10 2RX. 
Society secretaries are invited to submit their programmes to him. 


April 1986 


7-25 Faculty, London. Course on Anaesthetics 
for Part 3 FFARCS. 
Information: Courses Assistant, Faculty of Anaes- 
thetists, 35/43 Lincoln’s Inn Fields, London 


WC2A 3PN. 

8-10 Junior Anaesthetists Group. AGM and Annual 
Scientific Meeting at Cardiff. 
Information: Association of Anaesthetists, Rooms 
475, Tavistock House South, Tavistock 
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West Midlands Intensive Care Group. 6th 
Annual Mecting at Wyddrington Hall. 
Guest Speaker: Dr Margaret Branthwaite. 
Information: Miss M.C. Wood, PGMC, East 
Birmingham Hospital, Birmingham B9 5ST. 
Blood Flow Group, Biological Engineering 
Society: Obstetric and Neonatal Blood Flow. 
Information: Biological Engineering Society Royal 
College of Surgeons, 35/43 Lincoln's Inn Fields, 
London, WC2A 3PN. 
Northern Ireland Society. AGM and Dr D.L. 
Coppel: High frequency ventilation (film). 
Information: Dr J.E. Hegarty, Department of 
Anaesthetics, 97, Lisburn Road, Belfast BT9 7BL. 
Reading Anaesthetists. Dr M. Cowen, The 
problems of naming a D.G.H. Anaesthetic Service 
with Reduced Junior Staff. 
Information: Dr A, Marshall Barr, Anaesthetics 
Department, Royal Berkshire Hospital, Reading 
RG! 5AN. 
One Day Symposium: Halothane and the liver: the 
problem revisited. 
Information: Anaesthetic Secretary, Bristol Royal 
Infirmary, Bristol BS2 8HW. 


11-12 Anaesthetic Research Society at Leeds. 


Information: Dr A.R. Aitkenhead, University 
Department of Anaesthesia, Leicester Royal 
Infirmary, Leicester LE] SWW. 


11-12 Intensive Care Society. Spring Meeting at New- 


16 
17 
17 


10 


castle upon Tyne. 

Information: Dr D.W. Ryan, Freeman Hospital, 
Newcastle upon Tyne NE7 7DN. 

FFARCS Pt 2 Papers, London. 

FFARCS Pt 3 applications due, London. 

Section of Anaesthetics, Manchester Medical 
Society. Out of Town Meeting, Lancaster Medical 
Centre, Lancaster Royal Infirmary. Symposium on 
Pain Relief. 

Chairman: Mr P.D. Challen; Dr A. Kilpatrick: 
Acupuncture. 

Host: Dr M.A. Rucklidge, Anaesthetics Depart- 
ment, Lancaster Royal Infirmary, LA1 4RP. 
Information: Dr E.E.M. Thompson, University of 
Manchester, Oxford Road M13 9PL. 

Section of Anaesthetics, Royal Society of Medicine. 
Prof. M.J. Cousins, Adelaide. 

Hepatotoxicity of halothane: an enigma of drug 
toxicity. 

Information: Sections Office, R.S.M. 1, Wimpole 
Street, London WIM 8AE. 

North of England Society. Symposium: Obstetric 
Anaesthesia and Analgesia. 

Information: Dr J.E. Charlton, Department of 
Anaesthesia, Royal Victoria Infirmary NE1 4LP. 
North East Thames Regional Society of Anaes- 
thetists, Spring Meeting. 

Information: Dr E. Gibbs, Anaesthetic Depart- 
ment, Basildon Hospital, Basildon, Essex. 


22 


Glasgow and West of Scotland Society of Anaes- 
thetists. AGM. 

Information: Dr D.S. Arthur, Royal Hospital for 
Sick Children, Glasgow G3 8SJ. 


25-27 Scottish Society of Anaesthetists. Annual 


28 


10 


12 
13 


Meeting at Peebles Hotel Hydro. 

Information: Dr W.F.D. Hamilton, Ninewells 
Hospital, Dundee DDI 9SY. 

Wessex Anaesthetic Club, Prof. W.S. Nimmo. New 
directions in the administration of analgesics after 
surgery. 

Information: Dr D.V. Rutter, Department of 
Anaesthesia Southampton General Hospital. 


May 1986 


Faculty Scientific Meeting: Prediction ard Control 
Drug Administration: Bristol. 

Information: Faculty of Anaesthetists, 35/43 
Lincoln’s Inn Fields, London WC2A 3PN. 

FFA Part 1{DA(UK) applications due. 

Edinburgh and East of Scotland Society of 
Anaesthetists: AGM. 

Information: Dr D.G. Littlewood, Anaesthetics 
Department, Royal Infirmary, [Edinburgh 
EH3 9YW. 

Sheffield Anaesthetists Dr J.F. Nunn. Surgery in 
the Egyptian Old Kingdom. 

Information: Dr N.R. Bennett, Royal Hailamshire 
Hospital, Sheffield S10 2RX. 

Section of Anaesthetics, Royal Society of Medicine. 
M and B Registrars Prizes. 

AGM and Annual Dinner. 

Information: Sections Office, RSM, 1, Wimpole 
Street, London WIM 8AE. 

Liverpool Society of Anaesthetists. 54th AGM, 
Crewe Hail. 

Information: Dr Anne M. Florence, Broadgreen 
Hospital, Liverpool L14 3LB. 

North of England Society of Anaesthetists. Prof. 
A.P. Adams, The fat man and the gas man. 
Information: Dr J.E. Charlton, Department of 
Anaesthesia, Royal Victoria Infirmary, Newcastle 
upon Tyne NEI 4LP. 

Neuro-anaesthetists Travelling Club. National 
Hospital for Nervous Diseases. 

Information: Dr S. Ingram, The National Kospital, 
Queen Square, London WCIN 3BG. 

FFA Part 2 vivas start. 

Reading Anaesthetists. Sq. Ldr R.M. Earding. 
Aviation medicine—the safe passage of an 
aircraft. 

Information: Dr A. Marshall Barr, Anaes- 
thetics Department, Royal Berkshire Hospital, 
Reading, Berks RGI SAN. 

Section of Anaesthetics, Manchester Medical 
Society. Prof D. Campbell, Let your science be 
human—the Hunterian legacy. 


he 


Information: Dr E.E.M. Thompson, University of 
Manchester, Oxford Road M13 9PL. 

16-17 Faculty of Anaesthetists, Ireland. Annual 
Scientific Meeting. Adverse Drug Reactions; 
Computers in Anaesthesia; Muscle Relaxants. 
Information: Dr D.F. Hogan, Faculty of Anaes- 
thetists, St Stephen’s Green, Dublin 2. 

16-17 Society of Anaesthetists of Wales. Annual 
Summer Meeting, at Newport. 

Information: Dr R. Mason, Department of Anaes- 
thesia, Morriston Hospital, Swansea SA6 6NL. 

22-24 South West Society of Anaesthetists. Meeting in 
Copenhagen. 

Information: Dr J.A. Clement, Bristol Royal 
Infirmary, Bristol, BS2 8HW. 


Jane 1986 


4 Sheffield Anaesthetists. Dr Sheila Willatts, Aspects 
of parenteral nutrition. 

Information: Dr G.P.M. Clark, Northern General 
Hospital, Sheffield SS 7AU. 

6 Section of Anaesthetics, Royal Society of Medicine. 
All day Symposium. Anaesthesia and E.N.T. 
surgery. 

Information: Sections Office, RSM, 1, Wimpole 
Street, London WIM 8AE. 

6 Scottish Society of Anaesthetists. Registrars 
Meeting at Ninewells Hospital. 

Information: Dr W.F.D. Hamilton, Ninewells 
Hospital, Dundee DDI 9SY. 

7 First Meeting of the Society for the Study of the 
History of Anaesthesia, at Royal Berkshire 
Hospital, Reading. 

Information: Dr T.B. Boulton, Royal Berkshire 
Hospital, Reading, Berks, RG] 5AN. 
10 Reading Anaesthetists. Dr Jean Lumley: Planning 
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for failed intubation. 
Information: Dr A. Marshall Barr, Royal Berk- 
shire Hospital, Reading, Berks RGI 5AN. 

13 FFA Part i/DA (UK) written papers begin. 

14 South East Thames jointly with Southern Society 
of Anaesthetists at Eastbourne. 

Information: Dr P.B. Hewitt, Department of 
Anaesthetics, Guy’s Hospital, SE] 9RT. 

17-18 Europecn Society of Cardiovascular Anaes- 
thetists at Cambridge. 

Information: Dr R.D. Latimer, Papworth 
Hospital, Cambridge CB3 8RE. 

23-27 Faculty Course. Current topics in anaesthesia. 
Information: Courses Assistant, Faculty of Anaes- 
thetists, 35/43, Lincoln’s Inn Fields, London 
WC2A 3PN. 

24-27 Third European Congress of Obstetric Anaes- 
thesia & Analgesia at Trinity College, Dublin. 
Information: Congress Secretariat, 44, North- 
umberland Road, Dublin 4, Ireland. 

26-28 Intractable Pain Society Meeting. Belfast. 
Host: Dr W.B. Loan, Whitla Medical Building, 97, 
Lisburn Road, Belfast BT9 7BL. 

28 Association of Dental Anaesthetists at the Man- 
chester Medical School. 

Host: Dr T.M. Young, Department of Anaes- 
thetics, Royal Infirmary, Manchester M13. 

30 FFA Part 3 vivas begin. 


July 1986 


4-5 Anaesthetic Research Society at University of 
Newcastle. 
Information: Dr A.R. Aitkenhead, University 
Department of Anaesthesia, Leicester Royal 
Infirmary, Leicester, LE] SWW. 

14 FFA Part 1;D A (UK) vivas begin. 


International congress calendar 


1986 


15-18 April. Brussels. Sixth International Symposium 

on Intensive Care and Emergency Medicine. 
Information: Dr J.L. Vincent, Department of 
Intensive Care, Erasmus University Hospital, Route 
de Lennik 808, 1070 Brussels (Belgium). 

26 April. Ghent, Belgium. European Society of 

Regional Anaesthesia. 
Information: Professor G. Rolly, Department 
of Anaesthesia, Academic Hospital, De Pintelaan 
185, B-9000, Ghent, Belgium. 

10-16 May. Adelaide, Australia. Faculty of Anaes- 

thetists and the Royal Australasian College of 

Surgeons Annual General Scientific Meeting. 


Information: Administrative Officer, Faculty of 
Anaesthetists, R.A.C.S., Spring Street, Melbourne, 
3000, Victoria. 
26-30 May. Washington, D.C. Annual Meeting 
American Society of Critical Care Medicine. 
Information: SSCM, 223E, Imperial Way, Suite 110, 
Fullerton, CA 92635, USA. 
28 May-3 June. Gothenburg and Stockholm. Associa- 
tion of Paediatric Anaesthetists and Swedish Society of 
Anaesthetists Joint Congress on Paediatric Anaesthesia 
and Intensive Care. 
Information: Dr B. Ekstrom Jodal, Anestesiavdel- 
ning, Ostrajukhuset, Gothenburg, Sweden. 
7-11 June. Scottsdale, Arizona. Ninth Annual Con- 
ference on Shock. 
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Information: Shock Society, Dr Sherwood M. 
Reichard, Medical College of Georgia, Augusta, 
Georgia 30912, USA. 

11-14 June. Hamburg. 2rd European Congress on 

Intensive Care Medicine. 

Information: Hamburg Messe und Congress, GmbH, 
Postfach 30 24 80, D 2000, Hamburg 36, Federal 
Republic of Germany. 

14-21 Jone. Cannes, France. American & European 

Views on Critical Care. 

Information: N.W. B. Craythorne, Department of 
Anesthesiology, PO Box 016370, Miami, Florida, 
33101, USA. 

15-18 June. Graz, Austria. Symposium on Computers in 

Critical Care and Pulmonary Medicine. 

Information: Dr G. Wiesspeiner, CCCPM, C/o 
Institute of Anaesthesiology, LKH Graz, 
Auenbruggerplatz 5, A-8036 Graz, Austria. 

19-22 June. Barcelona, Spain. 8th Annual Meeting of 

European Academy of Anaesthesiology. 

Information: Prof. M.A. Nalda-Felipe, Department 
of Anesthesiology, Hospital Clinico, Facultad de 
Medicina, Villarroel 170, 08036 Barcelona, Spain. 

24-27 June. Dublin. Third European Congress of 

Obstetric Anaesthesia and Analgesia. 

Information: Congresses and Expositions Ltd, 44 
Northumberland Road, Dublin 4, Ireland. 

15 August. Msida, Malta. IV Annual Conference 
of the Association of Anaesthesiologists, Malta 
Medical School. 

Information: The Secretary, PO Box 15, Msida, 
Malta. 

20-23 August. Hamilton, New Zealand. 1986 Con- 

ference of Anaesthetists of New Zealand. 

Information: The Organising Committee, CANZ 86, 
Department of Anaesthesia, Waikato Hospital, 
Hamilton, New Zealand. 

27-30 August. Rotterdam, The Netherlands. First 

European Congress of Paediatric Anaesthesia. 
Information: Dr H.J. Manschot, Department of 
Anesthesiology, Sophia Children’s Hospital, 
Gordelweg 160, 3038 GE Rotterdam, The Nether- 
lands. 

3-6 September. Malmo, Sweden. Fifth Congress of the 

European Congress of Regional Anaesthesia. 
Information: Anestesikliniken, Malmo Allmanna 
Sjukhus, S 21401 Malmo, Sweden. 

3-6 September. Rotterdam, The Netherlands. Fourth 

International Symposium on Computing in Anaesthesia 

and Intensive Care. 

Information: Omar Prakash, MD, Thorax Centrum, 
PO Box 1738, 3000 DR Rotterdam, The Netherlands. 

7-13 September. Vienna. 7th European Congress of 
Anaesthesiology. 

Information: Professor K. Steinbereithner, Spital- 
gasse 23, A-1090 Vienna, Austria. 

16-19 September. Haifa, Israel. 14th International 

Congress of the Israel Society of Anesthesiologists. 


Information: Congress Secretary, PO Box 50006, Tel 
Aviv 61500, Israel. 
18-19 September. London, England. Annual Scientific 
Meeting of the Association of Anaesthetists of Great 
Britain and Ireland. 
Information: The Honorary Secretary, Association 
of Anaesthetists of Great Britain and Ireland, 9, 
Bedford Square, London, WC1 B3RA. 
24-26 September. Leicester. Royal College af Surgeons 
Annual Provincial Meeting (Anaesthetic Seetion). 
Information: Royal College of Surgeons of England, 
35-43 Lincolns Inn Fields, London, WC2A 3PN. 
18 October. London. Postgraduate Study Day (Joint 
Meeting with the Faculty). 
Information: Honorary Secretary, Association of 
Anaesthetists of Great Britain and Ireland, 9 Bedford 
Square, London, WCIB 3RA. 
20-22 November. Cleveland, Ohio. Anesthesia and the 
Heart Patient. 
Information: Lisa Politi, Center for Continuing 
Medical Education, The Cleveland Clinic Foun- 
dation, 9500 Euclid Avenue, Cleveland, Ohio 44106, 
USA. 
23-28 November. Florianopolis, Santa Catarina. 33rd 
Brazilian Congress of Anesthesiology. 
Information: Carlos A. Da Silva Junior, MD, 
Alameda Adolfo Konder 25, 88.000 Florianopolis, 
Santa Catarina, Brazil. 
27-30 November. Grenoble, France. 4th International 
Conference on Disaster Medicine. 
Information: Ste Intern, Medecine de Catastrope, PO 
Box 59, CH 1213, Petit Lancy 2 France. 


1987 


7-9 May. Paris. VI Annual Meeting of tke European 

Society of Regional Anaesthesia. 

Information: M.A.P.A.R., Departement d’Anes- 
thesiologie, Hopital de Bicetre, 9427) Kremlin- 
Bicetre, France. 

16-22 May. Perth, Australia. Faculty of Anaesthetists 

and the Royal Australasian College af Surgeons 

Annual General Scientific Meeting. 

Information: Administrative Assistant, Faculty of 
Anaesthetists, R.A.C.S., Spring Street, Melbourne, 
3000 Victoria. 

20-25 June. Montreal, Canada. XIII International 
Symposium on Cerebral Blood Flow and Meta- 
bolism. 

Information: Sorelcomm (1985) Inc., Conference 
Secretariat, 1425 Dorchester Boulevard West, 
Montreal, Canada. 

20-23 July. London. 2nd International S»mposium of 

the History of Anaesthesia. 
Information: Honorary Secretary, Association of 
Anaesthetists of Great Britain and Ireland, 9 Bedford 
Square, London, WC1B 3RA. 

23-25 July. Oxford, England. SOth anniversary of the 


founding of the Nuffield Department of Anaesthetics. 
Information: Nuffield Department of Anaesthetics, 
Department GP/87, Radcliffe Infirmary, Oxford 
OX2 6HE. 
2-7 August. Hamburg, West Germany. Vih World 
Congress on Pain. 
Information: Sth World Congress on Pain, c/o 
Hamburg Messe und Congress GmbH, Congress 
Organization, Postfach 30 24 80, 2000 Hamburg 36, 
West Germany. 
10-11 September. Sheffield, England. Annual Scientific 
Meeting of the Association of Anaesthetists of Great 
Britain and Ireland. 
Information: The Honorary Secretary, Association of 
Anaesthetists of Great Britain and Ireland, 9, 
Bedford Square, London, WC1B 3RA. 
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1988 
1-6 May. Brisbane, Australia. Faculty of Anaesthetists 


.and the Royal Australasian College of Surgeons 


Annual General Scientific Meeting. 
Information: Administrative Officer, Faculty of 
Anaesthetists, R.A.C.S., Spring Street, Melbourne, 
3000 Victoria. 
22-28 May. Washington, DC. 9th World Congress of 
Anaesthesiowgy. 
Information: American Soc. of Anaesthesiologists, 
515 Busse Highway, Park Ridge, Illinois 60068, USA. 
15-16 September. Southampton, England. Arnual 
Scientific Meeting of the Association of Anaesthetists of 
Great Britain and Ireland. 
Information: The Honorary Secretary, Association of 
Anaesthetists of Great Britain and Ireland, 9, 
Bedford Square, London WCIB 3RA. 
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The Annual Conference of Linkmen of the Association of 
Anaesthetists of Great Britain and Ireland, 1985 


The Annual Conference of Linkmen was held in the 
Leicester Polytechnic on Wednesday 11 September 
1985. 

The President, Dr T.B. Boulton was in the chair 
throughout the meeting. He welcomed the 160 linkmen 
present and stressed the value placed by Council on the 
information and views received through the linkman 
organisation. 


Association of Ansesthetists’ appeal for 
nine Bedford Square 


Dr M. Rosen, Vice-Chairman of the Appeal, outlined 
the progress which had been made with the Appeal since 
its launch in September 1984. Donations from anaes- 
thetists now totalled around £120,000 towards a target 
for this group of £300,000 but he stressed that this had 
been achieved by donations from a very small propor- 
tion of the membership. Approaches to industry and to 
trusts were more likely to succeed if enthusiastic support 
from the membership was apparent. He reported that 
only 20% of linkmen had made donations and he 
encouraged those who had not already done so to visit 
the Association stand at the technical exhibition where 
donations would be accepted. At the same time and 
because of the limited duration of the Appeal, which is 
to close at the end of 1986, Dr Rosen asked for the 
renewed and enthusiastic support of linkmen in 
approaching anaesthetists throughout the country to 
persuade them to contribute. He again outlined the 
value of making donations by covenant which, because 
of the charitable status of the Association, allowed 
substantial amounts of tax to be reclaimed. 

Dr Rosen reported that the house at Nine Bedford 
Square was now nearing the completion of its re- 
furbishment and would provide the specialty with its 
own headquarters and home. This centre would not 
only contain the administrative offices of the Associa- 
tion, but would also create ideal accommodation for 
small seminars and discussion groups. Plans were 
already in hand for many such meetings. Space and 
secretarial assistance for some of the specialist anacs- 
thetic societies were under discussion and there will be 
a library holding current and historical publications, a 
museum of historical equipment and a members’ room 
for social gatherings. The President thanked Dr Rosen 
for his presentation. 


National issues of the day 


Dr M.M. Burrows, Honorary Treasurer, Chairman of 
the Central Committee for Hospital Medical Services 
detailed many matters under discussion which had 
implications for members of the profession in general 
and for anaesthetists in particular. He noted wita regret 
the frequent failure by many bodies, including the 
Government, to consult with the profession on vital 
issues. The appointment of General Managers was 
likely to increase rather than reduce this problem. While 
it was accepted that changes in the Health Service were 
necessary, it was vitally important that these changes 
were brought about by management only after due 
consultation with the profession. He then highlighted 
several areas of particular concern. These iacluded 
Nurse Education, where the proposed movement of 
nurse training to Colleges of Further Education 
would reduce the already often inadequate levels of 
cooperation between nursing and medical staff, the 
setting up of Management Boards in DGE’s with 
District Managers largely drawn from the ranks of 
administrators, anxieties over private practice and the 
implications of a new document being prepared by the 
DHSS on this subject. 

Discussion. Dr AJ. Whitaker (Mansfield) warned 
that private practice must not be allowed to conflict 
with NHS practice and he also supported a sympathetic 
attitude to the changing role of the nurse. Dr M. Rosen 
(Cardiff) expressed the view that the Association should 
actively encourage group private practice, thereby often 
reducing conflict between private and NHS work. Dr A. 
Padfield (Sheffield) drew attention to audits of theatre 
working practices being undertaken by admin-strators 
who might subsequently be unable to interpret the 
findings. He proposed that these studies should be 
undertaken by the profession and received considerable 
support for his views. Dr D.T. Protheroe (Bath) pointed 
out that shortages of anaesthetists were often blamed 
for cancellation of operating lists but that records kept 
in his Region had identified absences of surgeans to be 
the cause of a high proportion of cancellations. 


Confidential enquiry into perioperative deeths 
Dr J.N. Lunn (Cardiff) reported the present position of 
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this study which had been initiated by the Association 
of Anaesthetists and now run by a committee nomin- 
ated by the Association and by the Association of 
Surgeons, though subsequently the support of many 
other bodies had been sought and obtained. Following 
a preliminary pilot scheme, the main study will begin 
shortly and will be based on three Regions—the South 
West, the North and North East Thames Regions. 
Visits have been made to all the hospitals in these 
Regions to explain and obtain acceptance for the 
methods of study. All deaths in hospital within 30 days 
of an operation will be considered, confidentially, by 
both surgical and anaesthetic assessors and the final 
document will be based on these reports. He outlined 
the problems which had been encountered in the 
presentation of the previous report on mortality, when 
adverse comments were initially made in the press. 
Strenuous attempts will be made to avoid a recurrence 
of this. 

Discussion. Dr Lunn answered numerous questions 
of detail about the protocol and selection of assessors. 


Recovery facilities 


Dr R.J. Eltringham (Gloucester) reported as Chairman 
of a Working Party set up by Council to consider 
recovery facilities. After much discussion in the 
Working Party and in Council, a document was ready 
for publication and would be available to members 
before the end of the year. The document dealt with 
basic recovery facilities, gave guidelines for good 
practice in purpose built recovery rooms and made 
recommendations for the training of nursing staff for 
recovery room work. The appendix contained a list of 
drugs found useful in recovery rooms and a short, 
selected list of useful references, 

Discussion. Several linkmen, including Dr F.B. 
Buckley (Carlisle) and Dr R.N. Packham (Poole), 
participated in the discussion. The matters raised 
included problems met in creating recovery areas in 
older hospital buildings and the need for anaes- 
thetists to ensure the adequacy of training of nurses who 
were taking responsibilities for the recovering patient. 
Particular anxieties were expreased over the use of 
trainee nurses for this role and the shortages of staff 
which were encountered in out-of-hours work. 


Operating department assistants and their problems 
Dr C.A. Foster (St Thomas’ Hospital) President of the 
British Association of Operating Department 
Assistants, reported to the meeting. He noted that the 
transfer of the ODA grade to the Professional and 
Technical Staff of the Whitley Council had created 
almost as many problems as it had been introduced to 
solve. Many of these difficulties related to the fact that 
no additional funds had been made available to smooth 
the transfer, but they were also due to the failure of 
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many Health Authorities to follow the recommenda- 
tions made in the Advance Letter (PTB 1.84, Appen- 
dix A). This stressed the need for full consultation with 
staff organisations before changes were introduced. He 
encouraged anaesthetists when they became aware of 
and wished to help with difficulties in regard to the 
transfer of ODAs, to become conversant with the PTB 
handbook. 

Dr Foster stressed the position held by the Associa- 
tion, that there was a need for an adequate level of 
trained and dedicated staff, be they ODAs or nurses. 

Discussion. Dr D.W. Eyre-Walker (Stafford) ex- 
pressed the opinion that ODAs should be responsible 
administratively to consultant anaesthetists or to the 
Theatre Users Committee and Dr I. McLellan 
(Leicester) also believed they should be taken into 
anaesthetic departments. It was, however, noted that in 
its review of the subject, an Association Working Party 
had stressed the need for a single chain of command in 
theatre. Dr D.C. Hughes (Chertsey) expressed 
disappointment that not all anaesthetists insisted on 
having trained assistants with them. Dr Eva M. Kavan 
(Bedford) remarked that although ODAs were pre- 
ferred by anaesthetists in her region, they were still seen 
as a threat by some members of the nursing staff. Dr 
F.B. Buckley (Carlisle) expressed his disappointment at 
the number of ODAs who were available. In spite of the 
prospect of withdrawal of Faculty recognition, some 
regions were unable to recruit a sufficient number of 
trained staff in this grade. Dr M.R. Bryson (Newcastle) 
considered that too much emphasis had been put on the 
problems of ODAs and this had had an adverse effect 
on training of nurses. A recent decision in Newcastle to 
discontinue the Joint Board Clinical Nursing Studies 
course there was being actively opposed. 


Committee on Safety of Medicines 


The President, Dr T.B. Boulton, introduced Professor 
A. Goldberg, Regius Professor of Medicine in Glasgow 
and Chairman of the Committee on Safety of Medicines 
(CSM) and said that no drug was entirely safe. 

In his opening remarks, Professor Goldberg stated 
that he welcomed the opportunity to talk about, and to 
listen to linkmen's opinions on, drug reporting. He 
reviewed the origins and history of development of drug 
regulation and the reporting of adverse drug reactions 
which led to the introduction of the yellow card system 
by the committee of Safety of Drugs 21 years ago, and 
the establishment of the CSM in 1971. He stated that 
this Committee is advisory to the Drug Licensing 
Authority and that its function is to alert the profession 
concerning adverse drug reactions and to validate and 
determine the incidence of such reactions. He described 
how adverse reactions may occur, emphasising that 
there is considerable under-reporting of these reactions. 
A total cf 140,000 adverse reactions have been reported 
in 21 years; of these, only 124 were related to anaesthetic 
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agents, despite an estimated 3 million anaesthetics being 
administered per annum. Professor Goldberg presented 
an analysis of these reports illustrating that thio- 
pentone, halothane, methohexitone and Althesin were 
the most commonly reported of the general anaesthetic 
agents, lignocaine of the local anaesthetic agents and 
atracurium and alcuronium of the neuromuscular 
blocking drugs. Anaesthesia was, therefore, either very 
safe or there was under-reporting. During recent years, 
warnings had been sent out from the CSM to the profes- 
sion concerning local anaesthetics, halothane and 
intravenous anaesthetic agents. Professor Goldberg 
concluded with an account of how the link between 
increased mortality and the use of etomidate in intensive 
therapy was established. 


Reporting of adverse drug reactions by anaesthetists 


Professor J.W. Dundee (Belfast), said that although 
anaesthetists administered more dangerous drugs than 
most physicians, had a greater knowledge of 
pharmacology and were in a position to observe drug 
effects, there was still serious under-reporting of adverse 
reactions to anaesthetic agents. He went on to discuss 
the reasons for under-reporting by anaesthetists. These 
included working alone, a heavy clinical commitment, 
the use of drug ‘side-effects’ as part of an anaesthetic 
technique, the lack of office and secretarial support, 
logistic difficulties and problems with the yellow card 
system. In addition, anaesthetists usually have a well- 
developed instinct for immediate resuscitation and 
management of drug side-effects, which may, therefore, 
not be considered important. He questioned whether 
the yellow card was of an optimum design to be 
completed by a busy anaesthetist, and stated that a plea 
for a special card for reporting emergencies in anaes- 
thesia had been rejected. In spite of the difficulties with 
the yellow card system, much could be done to improve 
reporting and Professor Dundee suggested that a 
general awareness of the system should be promoted by 
making the yellow cards more easily available by 
informing Theatre Staff and encouraging more involve- 
ment with hospital pharmacy departments. Senior 
anaesthetists should set a peer example and all re- 
actions discussed at local mortality and morbidity 
meetings should be reported. Publicity, including 
journal editorials, on the value of reporting by anaes- 
thetists in the assessment of drug toxicity would be 
valuable in creating and maintaining interest in this 
matter within the specialty. 

Discussion. Dr A. Padfield (Sheffield) had reported 
adverse reactions, but had become disillusioned with 
the yellow card system and said that there was in- 
sufficient time to fill in cards for all common reactions 
such as histamine release. He agreed that there was 
under-reporting and recounted examples from his own 
experience. He commented that some adverse reactions 
are of late onset and suggested that a special, easy to 


complete, card should be available to anaestretists. 

Professor Goldberg replied that it was most important 
to report all severe drug reactions and all acverse re- 
actions, minor or severe, caused by the use of a new 
drug. He supported involving hospital pharmacists in 
improving reporting and suggested that yellow cards 
should be kept on each drug trolley. He considered the 
yellow card system to be satisfactory if used correctly 
and was against the creation of special cards. Dr AJ. 
Whitaker (Mansfield) asked whether the CSM’s 
function was to restrict the pharmaceutical industry and 
to decrease the number of available drugs. Professor 
Goldberg replied that the CSM was concerned with 
safety, and its role was not to persecute the drug 
industry or deprive the community of new drugs. Com- 
menting on remarks made by several linkmen that they 
had not seen or received yellow cards, Professor Gold- 
berg explained that cards are sent to those who have 
submitted a report, and added that, in the future, they 
will be included in NHS prescribing pads and in the 
British National Formula (BNF). Dr A.B. Leach 
(Southampton) suggested that MIMS and the ABPI 
data sheet compendium should contain yellow cards. It 
was pointed out that these were trade publications. Dr 
A.B. Loach (Oxford) asked about telephone reporting 
and was informed that there was a 24-hour freefone 
service as outlined in the BNF, page 25, Mr Grimshaw 
(CSM) explained that a yellow card accompanied 
letters from the CSM. If linkmen were not receiving 
these letters they should contact the Secretary of the 
CSM or the Medical Mailing Company. Comments on 
the adverse reactions to suxamethonium were made by 
Dr F.B. Buckley (Carlisle) and Dr P.W. Winder (Hull). 
Professor Dundee requested that all adverse reactions 
mentioned at clinical meetings should be reported. 
Professor Goldberg thanked linkmen for their.com- 
ments. 


Workload for consultant anaesthetists 


Dr W.R. MacRae introduced this topic commenting 
that a considerable number of enquiries from anaes- 
thetists, dealt with by the Secretariat of the Association, 
were concerned with contract problems. He reviewed 
the pamphlets which had been produced by the Associa- 
tion on this subject and specifically referred to the latest 
pamphlet, published in August 1985, relating to the 
implications of reductions in, or total absence of, junior 
anaesthetic staff. The guidance outlined in this 
document has been much more appreciated by the few 
anaesthetists in consultant-only based departments, a 
type of service which seemed only to have been intro- 
duced in anaesthesia. He said that a reduction in the 
number of juniors appears essential to improve career 
prospects for junior anaesthetists and to correct the 
imbalance existing in the training grades. The impact of 
such a reduction in junior staff may not yet be fally 
appreciated. Some anaesthetists are now realising that 
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they have insufficient juniors to provide a satisfactory 
on-call service in hospitals which have intensive care 
units and obstetric departments, particularly if these are 
on more than one geographical site. Dr MacRae 
emphasised that consultants must not only give good 
value to the NHS but must also have sufficient time to 
enjoy the rewards of a career in anaesthesia with the 
prospect of survival to retirement age and beyond. He 
concluded by asking for views on the value of the 
Association’s present publications on this topic and 
invited linkmen to identify special problems and areas 
on which they would welcome guidance from the 
Association. 

Discussion. Dr J. Duncan (Dunfermline) thanked the 
Association for its support and stated that following Dr 
MacRae’s visit to the consultant establishment in Dun- 
fermline, a consultant-only service, had been increased 
from 4 to 6 consultants. He recommended the Associa- 
tion workload document to all linkmen and said that 
the picture of a consultant-only group was not all black 
and that consultant surgeons could organise their work 
to advantage on the lines of the Association document. 
He encouraged the Association to continue producing 
guidance pamphlets and suggested that increased 
financial reward may be appropriate for those engaged 
in a consultant-only service. Dr A. Leslie (Walsall) 
commented that an increase in consultant establishment 
without junior support, could lead to difficulties with 
on-call rotas, and requested a balance between juniors 
and consultants. Dr MacRae replied that there was no 
possibility of an increase in junior staff and that the only 
solution was to increase consultant cover. Dr T.B. 
Boulton stated that the workload must be identified. Dr 
B. Head (Bromsgrove) made the point that only 
appropriately experienced juniors should be counted in 
the manpower statistics. Dr MacRae agreed that there 
may have to be an overlapping of training grades. Dr 
M.H. Cook (Ipswich) reported that he had experienced 
a lack of applicants for registrar posts and asked if other 
specialties were reducing junior numbers. Dr MacRae 
expressed surprise at this lack of applicants and stated 
that several RHAs have tried to replace registrars in 
other specialties with consultants. He reminded 
linkmen that the consultants’ contract did not equate 
with that of a registrar, the more realistic equation being 
two consultants to replace one registrar. Dr J. Missen 
(Chichester) highlighted the problem of consultant 
anaesthetists having to work regularly with registrar 
surgeons. Dr T.B. Boulton replied that traditional 
patterns of consultant work will have to change. 


Secretary’s up-date 


Dr M. Inman thanked linkmen for attending the 
meeting and also for their letters to the secretariat over 
the past year. He stated that many of the queries raised 
had been included in the agenda for the meeting. 

The International Relations committee continues to 
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promote anaesthesia in the Third World and anaes- 
thetists interested, or able to help in this work, should 
contact Dr RJ. Eltringham (Gloucester) chairman of 
this committee. Offers of surplus anaesthetic equipment 
for the Third World would be gratefully received by: 
ECHO, The Joint Mission Hospital Equipment Board 
Ltd, Ullswater Crescent, Coulson, Surrey CR3 2HR. 
(Tel: 01 660 2220). 

Books and jouraals will be shipped, free of charge, to 
the developing countries by: Ranfurley Library Service, 
Kensington Barzacks, Kensington Church Street, 
London W8 (Tel. 01 937 5234). 

The various awards given by the Association for 
travel and research were detailed. Recently, Council 
had agreed to increase the travel grant to a maximum 
of £500, and to the introduction of a new award of up 
to £1000 to help with funding of educational visits to 
Third World countries. The Association Research 
Fellowship had been adjusted and applicants from 
departments in District General Hospital were being 
encouraged. The Association pamphlet on fees for 
Private Practice last reviewed in January 1984, will be 
up-dated in Jacuary 1986, Dr Inman reported that the 
Anaesthetic Department at Northwick Park wished to 
hear of cases of hepatitis occurring in anaesthetists. 


Open forum 
Tenure of registrar posts 


Dr M. Marshall (Newcastle) considered that the 
Registrar numbers were too large and that tenure of 
under 2} years did not give optimum experience, 
particularly to those with FFARCS. Dr MacRae agreed 
and thought 4 years as a maximum more realistic, and 
numerically a 6-year period could be seen. Dr P.A.D. 
Williams (Bighton) questioned the need for such a 
prolonged period of registrar training. In reply, Dr 
MacRae said that promotion to Senior Registrar was 
the stumbling block, a view supported by Dr J.F. Searle 
(Exeter), 


Short-listing procedures 


Dr C.J. Barham (East Grinstead) suggested that Juniors 
should not visit departments before being short-listed 
for a post, and that all applicants should be so informed. 
This view was supported by Dr P.A.D. Williams 
(Brighton) and Dr M. Marshall (Newcastle) on logistic 
grounds. Dr T.B. Boulton confirmed that the Junior 
Group were considering this matter and a document 
would be available in the near future. 


Grading of anaesthetic secretaries 


Dr B.R. Whittard (Torquay) asked the Association for 
guidance on improving remuneration for anaesthetic 
department secretaries by supporting promotion to the 


468 Annual conference of linkmen 


Higher Clerical or General Administrative Grade. Dr 
T.B. Boulton said that there had been a DHSS Working 
Party on this issue, and that he had achieved some 
success locally. Dr D.C. Hughes (Surrey) and Dr J.E. 
Goodwin (York) reported success in up-grading sec- 
retaries; this depended heavily on providing evidence on 
the level of responsibility and administrative duties 
undertaken. 


Contra-indications to epidurals 


If the midwife/patient ratio was not one-to-one, Dr J. 
Jenkins (Great Yarmouth) was unwilling to undertake 
epidural analgesia. Dr M.R. Bryson (Newcastle) 
commented that an epidural service exposed de- 
ficiencies which should be publicised. The national 
shortage of midwives was stressed by Dr T.H.L. Bryson 
(Liverpool), who suggested that the English National 
Board should be made aware of the situation regarding 
epidural services. 


Withdrawal of heavy nupercaine 


Dr R.M.C. Hodgson (Plymouth) asked if the Associa- 
tion could exert pressure to prevent the withdrawal of 
this drug. Dr T.B. Boulton confirmed that approaches 
to the manufacturing company had been made, without 
success. Dr P. Lee (Preston) pointed out that 
amethocaine was a satisfactory alternative drug. 


Separation of anaesthetists’ and surgeons’ fees 


Dr A. Padfield (Sheffield) urged the Association to 
proceed with this matter. He was assured that separa- 
tion of fees was Association policy. However, there were 
both disadvantages and advantages to this strategy. 


Management of intensive care units 


The question of who should be in administrative charge 
of ICU’s in the future was asked by Dr M.R. Bryson 


(Newcastle). In discussion, the opinion was expressed 
that a suitably qualified anaesthetist, physician, or 
surgeon could perform this function. 


Consultant anaesthetists to service surgica: registrar lists 


Dr T.D. McGhee (London) asked whether consultants 
should anaesthetise for surgical registrars on a 
permanent basis. In discussion, it was stated that a 
consultant could exert more effective control of these 
lists. 


Lack of consultation between the speciatty and the 
drug industry 


Dr A.J. Whitaker (Mansfield) emphasised that this lack 
of consultation was also evident with equipment and 
said that anaesthetists, being the consumers, could 
influence companies. Dr T.B. Boulton replied that the 
Association had been able to exert influence on 
companies with success in some instances. 


Regionalisation of specialties 


Views were sought by Dr R. Kavan (Oakley) concern- 
ing the effect on training in districts where -here had 
been regionalisation of some surgical services. In reply, 
this was considered to be a Faculty matter. 


Study leave for junior staff 


Dr B.M. Dempsey (Hounslow) expressed anxiety on 
reports that expenses for Juniors’ study leave were not 
being honoured. 


The meeting was concluded by the President, Dr T.B. 
Boulton, who thanked linkmen for their useful and 
informed comments. 
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Vickers Medical maintains its position at the forefront of patient monitoring systems 
with the launch of two outstanding new anaesthetic monitors—Cardiocap and Multicap. 
Both units incorporate the most sophisticated innovations in sensor and microcomputer 
technology. They are compact, cost-effective and versatile, and greatly enhance the 
efficiency of the operating theatre and recovery room. 






— MULTICAP 

This is the newest addition to the Vickers 
Medical range of respiratory gas 
monitors. Multicap is simple to operate 

and economical to run. Its sampling 

system is controlled by microprocessors 

which guarantee reliable operation, 

while its six displays give you simultaneous, 

at-a-glance data on essential physiological functions. 

E Miniature sensors — unique to Vickers Medical — have ultra-fast response time 

which allows “‘breath-by-breath” measurement of CO, N,O and O, 

@ Easy use of communications capabilities guaranteed by complete software 

control 

@ Audio and visual alarms on major parameters monitored 

@ Sensor requires no servicing 


CARDIOCAP 


This integrated non-invasive 
monitor is unique in that, asa 
single unit, it displays all the vital 
respiratory and circulatory information you need at a glance. 


BECG SG Digital heart rate 

E Breath-by-breath CO,, O,and N,O 

@ Integral, non-invasive blood pressure wave-form and digital value 
E Plethysmographic Pulse/Invasive Blood Pressure Wave-Form 

E Two temperature channels 

E Complete communication capability 


For further information, contact 
Nick Tyrrell, Product Manager, 
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In both short and prolonged 
surgery 

Asingle dose of Alloferin 
(0.20-0.25mg/kg) provides muscle 
relaxation for approximately 20-30 
minutes? and a 0.30mg/kg dose 





gives about 40 minutes of relaxation. 
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for longer procedures with 
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Editorial 


C. Langton Hewer, MB, BS, FFARCS, MRCP, DA 





By kind permission of the Editor of the St Bartholomew's Hospital Journal 
and the Department of Medical Photography of St Bartholomew’s Hospital. 


Christopher Langton Hewer, Editor Emeritus of Anaesthesia and Consulting Anaesthetist to St 
Bartholomew’s Hospital, London, died on 28 January 1986 in his ninetieth year. He was successively 
Founder Editor (1946-1966), Advisory Editor (1966-1976) and Editor Emeritus (1976-1986). His death 
thus brings to an end an association with this journal which has extended over 40 years from the 
preparation of the first issue in 1946 to the present. 

Dr Hewer qualified in medicine from St. Bartholomew’s Hospital Medical College in 1918; in so doing 
he followed in the footsteps of his grandfather, father and great uncle. It is of interest that the latter 
relative, John Langton, held the unique St Bartholomew’s post of ‘Administrator of Chloroform’ from 
1865 to 1868.! Dr Hewer’s career as a clinical anaesthetist, innovator, teacher and prominent figure in 
the dramatic scientific and political development of the specialty of anaesthesia in the last half century, 
has recently been extensively reviewed in the medical"? and lay*"> press; naturally in the circumstances, 
however, his own fascinating account of his first experience of the administration of anaesthetics as a 
medical student in 1917 in his Hewitt Lecture of 19596 has not been recalled. It makes compelling reading 
and vividly describes the situation, one year after the death of Hewitt, before continuous flow anaesthetic 
machines were available. The standard techniques at that time were ether or chloroform administered 
on the open mask, by the Clover or Hewitt inhaler, or by the Junker vaporizer. 

Hewer’s first experience of early continuous flow oxygen, nitrous oxide and ether anaesthesia was 
in the Royal Army Medical Corps in the closing year of the First World War under the tutelage of Dr 
Torrance Thompson of Edinburgh, who owned one of the original American Gwathmey machines. +6 
Hewer returned to St Bartholomew’s in 1919 on demobilisation and, such was the rapidity of promotion 
in those days, that after 6 months as Resident Anaesthetist, he was appointed to the staff of the Hospital 
as an ‘Administrator of Anaesthetics’ at the early age of 24. He was soon to be involved with the 
continuous flow technique again when he was associated with Dr H.E.G. Boyle in the development of 
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his modification of the Gwathmey apparatus, the forerunner of the commonest type of anaesthetic 
apparatus in use in the United Kingdom to this day. Dr Hewer was, from then on, involved in almost 
every innovation in anaesthetic practice in the years between the two World Wars, and most particularly 
in the fields of thoracic and toxic thyroid surgery. He was also responsible, early in the 1939-1945 War, 
for reintroducing and developing the use of trichloroethylene as an alternative to flammable ether and 
potentially dangerous chloroform.° 

The academic and political life of the specialty of anaesthesia was necessarily much more limited 
during the nineteen twenties and thirties than it is now, because the number of specialist anaesthetists 
was small and anaesthesia was largely in the hands of general practitioners outside the big centres. Hewer 
participated actively in the business of the organisations concerned with anaesthesia, however. He 
frequently took part in the discussions of the Section of Anaesthetics at the Royal Society of Medicine 
and served as both its Honorary Secretary and its President. He also became President of the Anaesthetic 
Section of the British Medical Association and was a founder member of the Association of Anaesthetists 
of Great Britain and Ireland, and an examiner for the Diploma of Anaesthetics which was introduced 
in 1935.7 

It was, however, the imminence of the introduction of the British National Health Service which 
stimulated a quickening of the pulse of organised anaesthesia in the United Kingdom.® The need was 
to establish anaesthesia as a clearly defined specialty before the ‘appointed day’, so that anaesthetists 
would be given equal status with consultants of other disciplines. The establishment of this journal 
Anaesthesia in 1946,° at a time when the fortunes of the only contemporary United Kingdom journal 
for anaesthetists were at a low ebb, was a part of this momentum which led ultimately to the founding 
of the Faculty of Anaesthetists of the Royal College of Surgeons of England, at the instigation of 
the Association.'° Dr Langton Hewer was one of 21 Foundation Fellows of the Faculty. His appoint- 
ment as Editor of Anaesthesia was an obvious choice. His Advances in Anaesthesia and Analgesia (which 
was first published in 1932 and which ultimately ran to its 14th edition under his direction in its fiftieth 
year in 1982) was already a widely acclaimed work in its Sth edition; he had published two text books 
Anaesthesia for Children (1922) and, in conjunction with Dr Boyle, Practical Anaesthetics (1923) and 
a number of articles; and he wrote almost effortlessly with a pleasing clarity and style. 

Dr Hewer’s reign as Editor of Anaesthesia lasted 20 years.'' He had Dr Blair Gould as a sub-editor, 
but there was no secretarial assistance and, to the end of Hewer’s Editorship, all correspondence was 
typed by the Editor on his own rather ancient typewriter—and yet the journal always arrived on time 
on the first day of the quarter! Hewer’s editorials were an important feature of the journal throughout 
the 20 years. He wrote 75 out of the 80 which were printed between 1946 and 1966 and contributed 
a 76th to the 30th anniversary issue in 1976.'? These crisp, well written contributions give a fascinating 
account of the scientific and political development of the United Kingdom specialty over these exciting 
years. Each new development and issue was examined carefully and its advantages and disadvantages 
or pros and cons fairly discussed, before a thoughtful conclusion was drawn. 

Dr Hewer had the reputation for being conservative in his professional clinical outlook in later years, 
but this is an oversimplification. His aim at all times was safety during anaesthesia. The motto of the 
Association (/n somno securitas) might have been written for him, and many famous patients, including 
Royalty, Winston Churchill and Bernard Shaw, benefitted from his meticulous care. His approach to 
every innovation was cautious but analytical. If he concluded that it would be advantageous he 
welcomed it—as, for instance, was the case with halothane’? and external cardiac massage.'* If, 
however, he scented danger (as he did in the case of paralysis and controlled ventilation for abdominal 
surgery),!5 he stuck to his tried and practised techniques or attitudes. His philosophy is well demon- 
strated in his last monograph Thoughts on modern anaesthesia (1970). 

Christopher Langton Hewer was a physically tall man who towered intellectually above many of his 
contemporaries in his and other specialties. He was, however, despite his apparently paradoxical 
penchant for fast cars, a quiet and intimate person who preferred to exert an influence from the 
background and with his pen, rather than to engage in face to face confrontation. He was kind and 
considerate to his many associates and trainees, who held him in deep respect and affection, and he 
treated their indiscretions with tolerance salted with dry humour. 

Deafness afflicted him in his latter years and led to a reluctance to attend public functions, and a 
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further cause of sadness was the death of his devoted wife Phcebe 7 years before his own. The 
photograph which accompanies this Editorial also headed the moving appreciation in the St Bartholo- 
mew’s Hospital Journal by Dr Frankis Evans (Hewer’s colleague, friend and foil over many years) on 
the occasion of his retirement from National Health Service practice in 1961. It shows him as he was 
then, still Editor of Anaesthesia and still fully in possession of his very considerable intellectual powers. 
It is thus that we, who knew and worked with him (and we are sure also his family of two sons and 
one daughter), would wish to remember this great man to whom we owe so much. 


Association of Anaesthetists of Great Britain and Ireland, T.B. BOULTON 
9 Bedford Square, 
London WCIB 3RA 
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Single breath induction of anaesthesia, using a vital capacity breath 
of halothane, nitrous oxide and oxygen 


N. C. T. WILTON anb V. L. THOMAS 


Summary 


Inhalational induction of anaesthesia, using a single vital capacity breath of 4% halothane in 66% 
nitrous oxide and 33% oxygen was evaluated in 100 unpremedicated outpatients. The technique was found 
to be acceptable to most (91%) of the patients studied, with a mean (SD) induction time (measured 
Srom beginning of inspiration to loss of ‘eyelash reflex’) of 83(21) seconds. Relative cardiovascular 
stability was a notable finding of the technique, with a slight decrease in the mean arterial pressure 
of only 10%. Anaesthetic induction time was unaffected by age, weight or smoking habits. Tae tech- 
. nique of single breath induction is therefore proposed as a safe and acceptable alternative to intra- 
venous induction in co-operative adult patients. 


Key words 
Anaesthetic techniques; induction. 
Anaesthetics, volatile; halothane. 


Inhalational induction of anaesthesia is seldom 
used in routine adult practice because the long in- 
duction time is unacceptable to both the patient 
and the anaesthetist. There is also the potential 
for a, prolonged excitement phase with the risks 
of laryngospasm and vomiting, although these 
problems are seldom seen during inhalational 
induction using halothane in paediatric practice. 

It has been suggested that a single breath 
induction using halothane and oxygen in volun- 
teers,’ decreases induction time when compared 
with conventional inhalational induction tech- 
niques.? The addition of nitrous oxide to the 
inhaled mixture will decrease the concentration 


of halothane required to induce anaesthesia,? 
thus shortening the induction period, and will 
minimise the cardiovascular depression that tends 
to occur with halothane—-oxygen anaesthesia.*:5 

We have evaluated a single breath induction 
technique using nitrous oxide, halothane and 
oxygen in an unpremedicated group of surgical 
outpatients, to determine whether the technique 
may be used as a safe and acceptable alternative 
to intravenous induction. 


Method 
One hundred ASA class I and II patients over 


N.C.T. Wilton, MRCP, FFARCS,” Registrar, V.L. Thomas, MB, ChB, FFARCS Registrar, Shackleton 
Department of Anaesthetics, Level E, Centre Block, Southampton General Hospital, Shirley, Southampton 


SO9 4XY. 


* Present address: Department of Anesthesiology, University of Michigan Medical Center, Ann Arbor, 


Michigan 48109, U.S.A. 
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the age of 16 years who presented for minor out- 
patient surgery under general anaesthesia were 
studied. Informed consent for the study, which 
was approved by the hospital ethical committee 
was obtained at the pre-operative visit. All 
patients were unpremedicated. 

Monitoring was commenced on arrival in the 
anaesthetic room. The electrocardiograph was 
displayed continuously and the arterial blood 
pressure measured at minute intervals using a 
microprocessor-controlled automatic oscillo- 
tonometer (either Dinamap or A.S.D.I. Sentry). 
A 3-G ‘Butterfly’ needle was inserted in the 
dorsum of the right or left hand before the 
induction was started. Prior to induction, a 
Mapleson A breathing system with a 4-litre 
reservoir bag was prepared and filled with a mix- 
ture of 4 per cent halothane in 66% nitrous oxide 
and 33% oxygen, supplied by 6 litres/minute 
fresh gas flow. Two control readings of blood 
pressure and heart rate were obtained before 
the induction sequence was started. The patient 
was then instructed to ‘breathe in deeply and 
then breathe out as far as possible’ (i.e. to exhale 
to residual volume). The anaesthetic system 
and mask were then gently applied to the patient’s 
face, and the patient instructed to ‘breathe in 
as far as possible and hold your breath’ (i.e. 
a vital capacity breath). 

The duration of apnoea, induction time and 
any excitatory phenomena were recorded by 
a separate observer. Induction time was recorded 
as the time interval between the beginning of 
the vital capacity breath and the disappearance 
of the eyelash reflex. When the eyelash reflex 
had disappeared, the inspired halothane concen- 
tration was reduced from 4 per cent to 3 per 
cent and after a further 2 minutes again reduced 
to 2 per cent. 

The patient was left undisturbed for 5 minutes 
after induction, during which time blood pressure 
and heart rate were measured at one minute 
intervals and any dysrhythmias noted. All pat- 
ients were visited approximately 1—2 hours after 
anaesthesia by the author who had not been 
responsible for the induction, and asked a series 
of questions from a prepared questionnaire, 
about their recall and opinion of the induction. 

Statistical analysis on the obtained data was 


performed using unpaired and paired t-tests, 


plus linear regression analysis as appropriate. 
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Table 1. Demographic data of 100 patients studied 





Mean Range SD 
Age (years) 54.3 17-90 18.5 
Weight (kg) 68.9 50-108 13.2 


Table 2. Duration of apnoea and induction time during 
single breath induction 


Mean Range SD 





Duration of apnoea 


(seconds) 32 5-90 22 
Induction time 
(seconds) 83 40-150 21 
Results 


The demographic data of the study group are 
shown in Table 1. The mean durations of apnoea, 
and induction times are shown in Table 2. There 
was neither correlation between duration of 
apnoea and induction time, nor did changes in 
age or weight affect either of the previous vari- 
ables, as shown in Table 3. Duration of apnoea 
and induction time were also unaffected by smok- 
ing habits, (Table 4). Cardiovascular measure- 
ments before, during and after induction are 
summarised in Table 5, and the changes in 
mean arterial pressure and heart rate are shown 
graphically in Fig. 1. The incidence and nature 
of excitatory phenomena observed during induc- 
tion are shown in Table 6. 


Table 3. Correlation coefficients for age and weight 
versus apnoea and induction time 


Correlation 
coefficient 
(r) Significance 
Apnoea versus 
induction time 0.18 N.S. 
Age versus apnoea 0.17 N.S. 
Age versus induction 
time 0.15 N.S. 
Weight versus apnoca <0.1 N.S: 
Weight versus 
induction time 0.21 N.S. 


Table 4. Comparison of apnoea and induction times 
in seconds, mean (SD) for smokers and non-smokers 


Non- 
Smokers smokers Signifi- 
n=41 n= $9 cance 
Period ofapnoea 30 (17) 34 (24) NS 
Induction time 81 (27) 84 (34) NS 
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Table 5. Changes in cardiovascular variables during induction. Values, means (SD) 


Time (minutes) 

















Before induction After induction 

—] 22 I 2 3 4 5 
Systolic B.P. (mmHg) 147 148 139 135 131 130 128 
“ 22) 9 Ð I Ð 23 (2) 
Diastolic B.P. (mmHg) 83 82 80 79 77 75 74 
15) (15) A (16) (05 04 (05) 
Mean B.P. (mmHg) 103 102 98 95 94 92 92 
; a7 (19) a (18) (18) (16) (18) 
Heart rate (beats/minute) 76 78 85 81 75 71 68 

09 (16) (18) (17) (15) (5 (Q 
Number of patients with a 

dysrhythmias 
Atrial 2 3 2 3 3 5 4 
Ventricular 4 4 3 5 4 5 4 
No 
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Fig 1. Changes of mean arterial pressure (MAP) and heart rate (HR) during 
single breath induction, @, MAP; BI, HR; *, p<0.01 (Mean: 2 x SEM). 


From the postoperative questionnaire, all 
patients could recall the induction sequence as 
far as the vital capacity breath and then breath 
holding; other information from the question- 
naire is shown in Table 7. Of the 89 patients who 
had had a previous anaesthetic, 82 received an 
intravenous induction, and of these, 74 (90%), 
were prepared to undergo single breath induction 
again. 

Table 6. Incidence of excitatory phenomena observed 
during induction 





Excitatory phenomena % incidence 
Movement 6 
Coughing 7 
Hiccough 1 


Discussion 
This study shows that inhalational induction 
of anaesthesia using a single breath technique 


Table 7. Results from questionnaire (100 patients) 
Yes No 





Do you remember holding your 
breath? 100 0 
Do you remember the smell of the gas? 87 B3 
Did you find it—pleasant 7 
—no comment 51 
—unpleasant 29 
Did you get any ringing or buzzing 


in your ears? 17 83 
Would you have this form of 
anaesthetic again? 91 


Have you had an anaesthetic before? 89 II 


k g 


is a safe and acceptable method for use in 
cooperative adult patients. To achieve anaes- 
thesia by the inhalational route, sufficient con- 
centration of the anaesthetic agent must be 
present in the brain, which, in the steady state 
correlates with the minimum alveolar concen- 
tration (MAC). The inspired concentrations 


. of inhalational agent during induction need to be 


much higher than the MAC of that agent, due to 
the rapid uptake of that agent during induc- 
tion,™8 which tends to lower the alveolar con- 
centration. Furthermore, a large gradient exists 
between the inspired and alveolar concentration 
during induction, which will be greater with the 
more soluble halothane than with nitrous oxide.® 
For these reasons, high concentrations (4 per 
cent) of halothane were used during induction. 
The addition of nitrous oxide further tends to 
increase the speed of induction, since, used in the 
high concentrations, it significantly decreases the 
concentration of halothane required to induce 
anaesthesia.> Furthermore, the high concen- 
tration of nitrous oxide tends to increase the 
relative concentration of halothane in the 
alveoli, so augmenting its uptake by the second 
gas effect.!°-1! By exhaling to residual volume 
and then inhaling to vital capacity, the maximum 
quantity of anaesthetic agent enters the lungs 
and hence reaches the alveoli in one breath. 
Using a mixture of nitrous oxide and halothane, 
it then does not matter if the patient fails to 
sustain a vital capacity breath. If the patient 
continues to breath hold, although the fractional 
concentration of nitrous oxide will tend to fall 
due to its initial uptake, that of halothane will 
tend to rise,!! whereas if the patient starts to 
breathe, the alveolar concentration of nitrous 
oxide will tend to approach the inspired concen- 
tration and the halothane concentration will 
also tend to be increased.'° As would then 
be expected, there was no correlation seen 
between duration of apnoea and the time for 
induction. Hypoxia does not occur using this 
technique because a vital capacity breath with 
an inspired oxygen of 33 percent will provide 
more than sufficient oxygen for the period of 
apnoea. Furthermore, the concentrating effect 
of nitrous oxide will ensure that the fractional 
concentration of oxygen tends to increase during 
the period of apnoea. 

The lack of correlation between age and in- 
duction time may be due to the decrease in MAC 
that occurs with age,'? this is offset by the slower 
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rate of increase in alveolar concentration that 
also occurs with age.'3 Smoking did not affect 
the induction time, although theoretically the 
ventilation—perfusion mismatching that occurs 
in these patients might be expected to prolong 
the induction period.1* Using halothane, which 
is relatively soluble, as well as nitrous oxide, 
minimises the impact of ventilation—perfusion 
abnormalities.1* 

Relative cardiovascular stability was a notable 
finding with the single breath induction, despite 
the high initial concentrations of halothane and 
the mild Valsalva manoeuvre that tends to accom- 
pany a vital capacity breath. The mild decrease 
in blood pressure, although statistically signifi- 
cant (p < 0.01), is of doubtful clinical significance, 
and is of similar magnitude to that seen with 
slow intravenous induction using barbitu- 
rates.154© The relative bradycardia observed 
after 5 minutes is not usually a feature of halo- 
thane anaesthesia,*!7 although it has been 
reported previously;'®-'° again, this did not cause 
any clinical problems. 

Some excitatory phenomena occurred during 
induction (as shown in Table 5) but there was 
no patient recall, neither was there any evidence 
of more serious excitatory phenomena, vomit- 
ing or laryrgospasm. One patient who exhibited 
movement had to be physically restrained but 
did not recall the event. The mean induction 
time (as measured from the beginning of in- 
spiration to loss of eyelash reflex) of 83 seconds 
was acceptable to most patients since 91 per cent 
were content to undergo this form of induction 
again. Loss of consciousness occurred well before 
the loss of eyelash reflex, as few patients remem- 
bered exhaling their vital capacity breath. 

The induction time using the single breath 
technique is slightly longer than that seen 
with intravenous agents,?° but there is less delay 
in achievirg a satisfactory anaesthetic concen- 
tration of the inhalational agents for main- 
tenance of anaesthesia. This is because the 
respiratory depression, or apnoea that may 
accompany intravenous induction délays the sub- 
sequent rate of rise of the alveolar concentration 
of inhaled agents, whereas with the inhalational 
route, for the reasons already stated, the patient 
will contirue to take up the anaesthetic agent 
even during apnoea. 

In summary, we suggest that a single breath 
induction technique using 4 percent halo- 
thane in nitrous oxide and oxygen is a safe, 
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acceptable and practical alternative to intra- 
venous induction in cooperative, unpremedi- 
cated, adult patients. The speed of induction 
appears unaffected by age, weight or smoking 
habits. 


Acknowledgments 


The authors would like to express their gratitude 
to Dr D. Saunders for advice regarding the 
statistical analysis of the results, and Mary Black- 
more for secretarial assistance in the prepara- 
tion of this manuscript. 


References 


1. RUFFLE JM, Larra WB, SNIDER MT. Single breath 
halothane oxygen induction in man. Anesthesiology 
1982; 57: A461. 

2. RUFFLE JM, Sniper MT. Onset of hypnosis with 
halothane induction using single breath, triple 
breath and conventional techniques. Anes 
thesiology 1984; 61: A498. 

3. SAIDMAN LJ, EGER EI Il. Effect of nitrous oxide 
and of narcotic premedication on the alveolar 
concentration of halothane required for anesthesia. 
Anesthesiology 1964; 25: 302-6. 

4. HORNBEIN TF, MARTIN WE, Bonica JJ, FREUND 
FG, PARMENTIER P. Nitrous oxide effects on the 
circulatory and ventilatory responses to halo- 
thane. Anesthesiology 1969; 31: 250-60. 

5. BAHLMAN SH, EGER EI II, Smiry NT, STEVENS 
WC, SHAKESPEARE TF, SAWYER DC, HALSEY MJ, 
CROMWELL TH. The cardiovascular effects of 
nitrous oxide—halothane anesthesia in man. Anes- 
thesiology 1971; 35: 274-85. 

6. EGER EI II. Anesthetic uptake and action. Balti- 
more: Williams and Wilkins, 1974; 1-2. 

7. SEVERINGHAUS JW. The rate of uptake of nitrous 
oxide in man. Journal of Clinical Investigation 
1954; 33: 1183-9. 

8. MAPLESON WW. The rate of uptake of halothane 


10. 


11. 


14. 


15. 


16. 


17. 


18. 


vapour in man. British Journal of Anaesthesia 
1962; 34: 11-8. 


. EGER EI II. Anesthetic uptake and action. Baltimore: 


Williams and Wilkins, 1974; 77-96. 

EpstTem RM, Rackow H, SALANTTRE E, Wor GL. 
Influence of the concentration effect on the uptake 
of anesthetic mixtures: The second gas effect. 
Anesthesiology 1964; 25: 364-71. 

STOELTING RK, EGER EI I. An additional ex- 
planation for the second gas effect: a concentrating 
effect. Anesthesiology 1969; 30: 273-7. 


. GREGORY GA, Ecer MD, Munson ES. The re- 


lationship between age and halothane requirement 
in man. Anesthesiology 1969; 30: 488-91, 


. EGER EI II, BAHLMAN SH, Munson ES. The effect 


of age on the rate of increase of alveolar anaes- 
thetic concentration. Anesthesiology 1971; 35: 
365-72. 

EGER EI II, SEverINGHAUS JW. Effect of uneven 
pulmonary distribution of blood and gas on induc- 
tion with inhalation anesthetics. Anesthesiology 
1964; 25: 620-6. 

ELDER JD Jr, NaGaNo SM, Easrwoop DW, 
HARNAGEL D. Circulatory changes associated with 
thiopental anesthesia in man. Anesthesiology 1955; 
16: 394-400. 

SONNTAG H, HELLBERG K, SCHENK HD, Donatu 
U, REGENSBURGER D, Kerrier D, DucHANOVA H, 
LaRSEN R. Effects of thiopental (Trapanal) on 
coronary blood flow and myocardial metabolism in 
man. Acta Anaesthesiologica Scandinavica 1975; 
19: 69-78. 

BAHLMAN SH, Eaer EI II, Hasty MJ, STEVENS 
WC, SHAKESPEARE TF, SmiTH NT, CROMWELL TH, 
FOURCADE H. The cardiovascular effects of halo- 
thane in man during spontaneous ventilation. Anes- 
thesiology 1972; 36: 494~502. 

Bryce-SmirH R, O’Brign HD. Fluothane: A non- 
explosive volatile anaesthetic agent. British Medical 
Journal 1956; II: 969-72. 


. JOHNSTONE M. The human cardiovascular response 


to fluothane anaesthesia. British Journal of Anaes- 
thesia 1956; 28: 392-410. 


. Dunpre JW, Barron DW, Kine R. The effect of 


methylation on the anaesthetic action of ethyl- 
methyl-propyl thiobarbiturate. British Journal of 
Anaesthesia 1960; 32: 566-75. 


Anaesthesia, 1986, Volume 41, pages 477-481 


Alfentanil supplemented anaesthesia for short procedures 


A double-blind study of alfentanil used with etomidate and enflurane for day cases 


R. I. W. COLLIN, G. B. DRUMMOND anD A. A. SPENCE 


Summary 


Thirty-nine unpremedicated patients who presented for cystoscopy were given either alfentanil or saline in a 
random double-blind fashion immediately before anaesthesia with etomidate, nitrous oxide and enflurane. 
Alfentanil significantly reduced myoclonus associated with etomidate. During anaesthesia, patients who 
received alfentanil had smaller minute volumes, lower respiratory frequencies, and smaller increases in heart 
rate. The incidence of apnoea was not significantly increased. After operation, patients who received 
alfentanil were prescribed significantly more analgesia, possibly because of their reduced uptake of volatile 


anaesthetic agent: It is concluded that supplementation with alfentanil improves the quality of anaesthesia 


induced with etomidate. 
Key words 


Analgesies, narcotic; alfentanil. 
Anaesthetics, intravenous; etomidate. 


An anaesthetic technique for day case surgery 
should ideally use anaesthetic agents that are no 
longer active when the patient is discharged. 
Alfentanil appears to fulfil this criterion,’ as does 
etomidate which, in addition, is an agent noted 
for its cardiovascular stability, lack of respiratory 
depression? and paucity of histamine-mediated 
anaphylactoid _reactions.° Unfortunately, 
etomidate has the disadvantages of causing 
myoclonus, pain on injection, hiccup and cough.? 

A number of clinical studies have used alfen- 
tanil to supplement anaesthesia with intermittent 
methohexitone or Althesin or etomidate, 
sometimes combined with nitrous oxide.*~® On 
some occasions, techniques based on etomidate 
were unsatisfactory because of excessive patient 
movement, and had to be abandoned to allow 


surgery to proceed, This happened so frequently 
in one study that the technique of combining 
etomidate, alfentanil and nitrous oxide was not 
pursued, and it was suggested that the addition of 
a volatile agent might be preferred.5 

The present study was designed to test in a 
double-blind fashion, the influence of alfentanil 
given as a bolus on the quality of anaesthesia. 
This was assessed in four phases: induction, 
maintenance, short term recovery and long term 
recovery. 


Methods 


The study was approved by the local ethics 
committee. Thirty-nine patients about to 
undergo cystoscopy under general anaesthesia 
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gave written informed consent to participate. The 
age, weight, smoking habits and alcohol intake of 
the patients were noted and their exercise 
tolerance was graded.’ 

Before anaesthesia, a base-line score using the 
post box test® as modified by Patrick et al.5 was 
obtained. The score was the time taken to post all 
sixteen blocks of various shapes into a posting 
box. No patient received premedication. All the 
anaesthetics were given by the same anaesthetist, 
who also assessed the patients. A cannula was 
inserted into a vein on the dorsum of the left 
hand. Control measurements of heart rate and 
arterial pressure were made using a Dinamap 
apparatus (No. 1846) with a printer. The patients 
were randomly allocated to receive an injection of 
either alfentanil 7 ug/kg or an equivalent volume 
of 0.9 percent sodium chloride on a double-blind 
basis. Sixty seconds later, anaesthesia was 
induced with 0.2 mg/kg etomidate intravenously 
over 10-15 seconds. 

After induction, pain and myoclonus were 
graded as follows: pain on injecting etomidate: 0, 
none; 1, revealed by enquiry; 2, obvious by the 
patient grimacing or complaining; myoclonus, 
defined as rhythmical shaking of any part of the 
patient: 0, not present; 1, barely noticeable; 2, 
obvious; 3, patient’s position on the table altered. 
Apnoea was defined as a respiratory pause of 
more than 20 seconds. The occurrence of hiccup 
and cough were recorded. In 29 of the patients, 
heart rate and arterial pressure, respiratory 
frequency and minute volume (Magtrak respiro- 
meter) were recorded at one minute intervals. 

Anaesthesia was maintained with enflurane in 
60 percent nitrous oxide in oxygen, using a circle 
system and CO, absorber; fresh gas flow rates 
were initially 6 then 3 litres/minute. The time 
from induction of anaesthesia to insertion of the 
cystoscope was noted and the response to 
instrumentation was graded as follows: 0, no 
response; 1, barely noticeable movement; 2, 
movement noticed by surgeon who was able to 
continue the procedure; 3, procedure delayed. 

The time of cessation of administration of the 
anaesthetic was noted. In the recovery room, the 
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patients were observed by nursing staff who were 
unaware of the nature of the preceding anaes- 
thetic, and who recorded the times of recovery 
(opening eyes, protruding tongue and saying full 
name correctly.) Two hours after opening their 
eyes, the patients performed the postbox test 
again. The occurrence of nausea, vomiting, pain 
and the analgesics given were noted. 

Before the code was broken, the overall quality, 
of anaesthesia was assessed, and the anaesthetist ~. 
attempted to predict from this whether the 
patient had received alfentanil or saline. 

Statistical analysis was by Student’s t-test for 
height, weight and control heart rate and érterial 
blood pressure measurements. For all other data, 
Fisher’s exact test? or the Mann-Whitney U 
test? were used as appropriate. Statistical 
significance, where indicated, represents a pro- 
bability value of 0.05 or less. 


Results l $ 
Demography 


There was no significant difference between the 
groups in respect of age, weight, height, sex dis- 
tribution, smoking habits, alcohol intake and 
exercise tolerance. Since the patients’ ages were 
not normally distributed, a non-parametriz test 
was used to assess differences between the groups 
(Table 1). In addition, there were no statistical 
differences between the groups (height, weight 
and age) for the 29 patients from whom the 
cardiovascular and respiratory data were 
collected. 


Induction characteristics (Table 2) 


Alfentanil significantly reduced the incidence of 
myoclonus associated with etomidate administra- 
tion (p<0.05); the probability in:dny particular 
patient was 0.7. Although mild pain appeared to 
be abolished by alfentanil, there was no statistical 
difference between the groups. There was a 
greater incidence of apnoea in the patients who 
received alfentanil (42 percent) compared with 


Table I. Patient demography, means (SD) 





Age Weight Height Sex. 
n (years) (kg) (m) (M/F) Smokers 
~., Saline 20 45(18) 72(15) 1.67(0.11) 12/8 9 
Alfentanil 19 54(13) 72(10) 1.69 (0.07) 14/5 3 
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Table 2. Induction characteristics 








Number of subjects 
+- Severity of Pain with i : 
n myoclonus etomidate Apneoa Hiccup Cough Response to instrumentation 
Grade 0123 01 2 0 1 2 3 
Saline 20468 2 12 4 4 3 1 4 11 4 3 2 
Alfentanil 19 9 7 2 1 16 0 3 8 0 4 3 50 1 
p <0.5 NS NS NS NS NS 





those who received saline (15 percent), but the 
difference was not significant. The incidence of 
cough and hiccup in both groups was similar. 
The mean interval between induction of 
anaesthesia and the start of instrumentation was 
similar for both the alfentanil and saline groups. 
i There was less response, although not sig- 
nificantly so, to instrumentation in those who 
received alfentanil. 


Maintenance indices: cardiovascular and 


respiratory data 


There was no significant difference between the 

groups in terms before induction of anaesthesia, 

of heart rate and mean arterial pressure. 
Compared with the control values, heart rate 
increased in both groups; it reached a maximum 

in the second to third minute after administration 

of alfentanil or saline, then steadily decreased. 
However, the heart rate in patients who received 

; alfentanil remained consistently 8-14 beats/ 
K. minute less than those who received saline 
(Fig. 1). Mean arterial blood pressure increased in 

both groups to a maximum of 120 mmHg at a 


Heart rate (beats/minute) 


Control 


B. 
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Fig. 1. Mean arterial pressure (top) and heart rate (bottom) for alfentanil and saline groups. A— 


similar time, then steadily decreased. In general, 
instrumentation was commenced after these 
maxima had been attained. 

Minute volume and respiratory frequency were 
decreased in patients who received alfentanil. By 
the ninth minute, minute volumes were broadly 
similar in both groups, but the respiratory 
frequency in the alfentanil group was still 
substantially lower than in those who had 
received saline. (Fig. 2). 


Short term recovery 


The data from one patient were excluded from 
Statistical analysis because the procedure lasted 
more than half an hour. The mean duration of 
general anaesthesia in both groups was 
11 minutes. In patients who received alfentanil, the 
early recovery times were approximately one 
minute less than in the control group, but the 
difference was not significant (Table 3). 


Long term recovery 


The incidence of nausea, vomiting, administra- 


oe o lgi are 


O--0- -O- -0-0 






—A, MAP alfentanil; @—®@, heart rate saline; O—O, heart rate alfentanil. 
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Fig. 2. Respiratory frequency (top) and minute volume 
(bottom) for alfentanil and saline groups. O—O, 
alfentanil; ®—®, saline. 


tion of anti-emetics, and pain after operation was 
greater in the patients who received alfentanil. 
Four patients in the alfentanil group were 
prescribed analgesics, whereas no patient in the 
saline group was given an analgesic. (p<0.05, 
Table 4). 


Post box scores 


There was no significant difference between the 
groups either before or after the operation, nor 
was there any significant change in the per- 
formance of the test before or after operation in 
either group. (Table 4). 


Assessment and prediction from overall quality of 
anaesthesia 


Prediction by the anaesthetist of the drug 
administered (alfentanil or saline) was co-rect in 
33 of the 39 cases (85 percent, p<0.001 by the 
Binomial theorem). 


Discussion 


The use of alfentanil compared with saline to 
supplement outpatient anaesthesia induced with 
etomidate and maintained with nitrous oxide and 
enflurane, was associated with a reduction in 
myoclonus. Heart rate, respiratory frequency and 
ventilation were reduced. The increased need for 
analgesia after the procedure may be related to 
the reduced uptake of volatile anaesthet:c and 
hence less residual anaesthesia. 

The maximum effect of alfentanil occurs within 
one minute of injection' and the sequence was 
designed to take maximum advantage of this. It 
might have been expected that pain on injection 
would be reduced. However, although mild pain 
was abolished, severe pain was unaffected. It was 
also expected that alfentanil, in common with 
other opioids, might have reduced the incidence 
of coughing, but this was not seen. Apnoea 


Table 3. Short term recovery times, minutes (SD) 








Opening eyes Showing tongue Saying full name 
Saline 5.3 (2.8) 5.6 (2.9) 6.1 (3.0) 
Alfentanil 4.2 (2.2) 4.3 (2.4) 4.6 (2.4) 
P NS NS NS 
Table 4. Long term recovery 
Saline Alfentanil p 
Nausea 2 6 NS 
Vomiting 2 5 NS 
Pain 5 9 NS 
Receiving anti-emetics 0 2 NS 
Receiving analgesics 0 4 <0.5 
Postbox scores (SD) 
Before operation 29 (6) 29 (5) NS 
After operation 27 (5) 27 (5) NS 


s 


PA 


occurred in both groups, but in no case was it 
considered necessary to assist ventilation. It was 
never necessary to abandon the anaesthetic 
sequence in either group. 

When considering the increased incidence of 
pain after the anaesthetic in the alfentanil group, 
it should be noted that some of this included 
headache persisting from before the anaesthetic 
and we did not collect data to compare the 
incidences between the groups for such com- 
plaints prior to giving the anaesthetic. 

If a given time span is given to perform the 
post-box test, subjects learn to post the easy 
shapes. To avoid this problem we asked patients 
to post all the shapes. We also asked that patients 
use only their dominant hand. Patients under- 
took only two trials with the postbox as we were 
seeking to compare the long term recovery 
between the groups, not establish the precise time 
at which the patients could be considered to have 
fully recovered. 

Other workers have also studied methods of 
anaesthesia with etomidate in comparison or 
combination with alfentanil,4~° halothane and 
thiopentone.'! Some of these stated that it was 
necessary to abandon the technique so that 
operation could take place.**> We are not aware 
of any other work where alfentanil was given in 
a double-blind manner, followed by induction 
with etomidate and maintenance with a volatile 
agent and nitrous oxide. The addition ofa volatile 
agent appears to confer a greater reliability 
on techniques based on etomidate. 

We confirmed the findings of Antonios, Inglis 
and Lees® in that the incidence of myoclonus was 
significantly reduced when pretreating with 
alfentanil. We also found that the heart rate was 
reduced in the alfentanil group. The rate-pressure 
product was reduced and, consequently, 
myocardial oxygen requirement was probably 
less. This is an advantage when dealing with 
patients who may have ischaemic heart disease. 

We found the use of alfentanil and etomidate 
for induction of anaesthesia followed by nitrous 
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oxide and enflurane highly satisfactory when the 
requirements are swift induction of anaesthesia in 
patients and fast, safe recovery. 
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Sensitivity to propofol in the elderly 


J. W. DUNDEE, FRANCES P. ROBINSON, J. S. C. MCCOLLUM 
AND C. C, PATTERSON 


Summary 


Two studies were carried out on 609 fit, unpremedicated patients to assess the influence of patient age on 
the response to the rapidly-acting hindered phenol, propofol, which is being evaluated for induction of 
anaesthesia. In the first study, 1.25 mg/Kg was injected over 20 seconds followed by 10-mg increments every 
15 seconds until loss of verbal contact. This showed a great individual variation in response to the drug. 
A reduction in the ‘induction’ dose was found in elderly patients, which became marked around 60 years. 
In the second (340), doses ranging from 1.5-3.0 mg/kg in patients under 60 years and 1.25-2.25 mg/kg 
in those over 60 years were injected as a bolus over 20 seconds. Doses of 2.25—2.5 mg/kg were required 
to induce anaesthesia in patients under 60 years, whilst 1.5—1.75 mg/kg was adequate in those over 60 years. 
Side effects were more marked with the rapid injection and doses in excess of 1.75 mg/kg caused significant 
hypotension and apnoea in the elderly. These studies reveal marked sensitivity to propofol in the elderly 
with respect to both induction dose and acute toxicity. 


Key words 


Anaesthetics, intravenous, propofol. 


One is becoming increasingly aware of the 
decreased tolerance to drugs in elderly patients; 
this could be a particularly important problem 
with intravenous anaesthetics where an im- 
mediate ‘bolus’ effect occurs. Elderly patients 
require relatively small doses of thiopentone,‘ 
an effect attributable to altered initial volume of 
distribution.? The onset time with midazolam is 
shorter in the elderly,> an effect likewise at- 
tributable to altered pharmacokinetics.* 

This paper reports two studies on the influence 
of age on response to the hindered phenol, 
propofol, a new, rapidly-acting intravenous 
anaesthetic.* The first study, based on a method 





described for thiopentone, is only applicable to 
drugs which, in adequate doses, induce anaes- 
thesia in one arm—brain circulation time and we 
have shown that this applies to propofol.® In the 
second study, the effects of doses ranging from 
1.5-3.0 mg/kg in patients under 60 years and 
1.25-2.25 mg/kg in older patients were studied. 
Both studies were approved by the regional 
medical ethical committee. 


Method 


All studies were carried out in fit, unpremedicated 
adults who had agreed to participate in the trial 
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and who were scheduled for intravenous 
induction of anaesthesia. Grossly obese and 
pregnant patients were excluded from the 
trial and patients’ weights ranged from 40-80 kg. 
All injections were given into large antecubital or 
forearm veins. Vital signs were recorded before 
and at one-minute intervals following injection, 
until administration of other drugs or commence- 
ment of the operation. 


Dose finding study 


An initial dose of 1.25 mg/kg was given over 20 
seconds with increments of 10mg every 15 
seconds until loss of verbal contact with the 
patient occurred. This was taken as the induc- 
tion dose and anaesthesia continued with further 
propofol or other drugs as necessary. The study 
ended when there was a minimum of 30 patients 
in each 10-year age band from 20 to 80 years and 
27 in the 16-19 year age group. - 

Scanning of the results showed a wide 
variability of readings, especially in the younger 
age group and in the subsequent statistical 
analysis using log transformed data. Multiple 
regression analysis was used to fit polynomial 
terms in age to the dose requirements (mg/kg) and 
a separate analysis was carried out for males and 
females. 


Bolus doses 


Patients under 60 years were given, in random 
order, bolus doses ranging from 1.5-3.0 mg/kg, 
again injected over 20 seconds. In older patients, 
the doses ranged from 1.25-2.25 mg/kg. There 
were 30 patients in each group, except for the 
lowest and highest doses in the elderly patients, 
where the number was 20. In addition to noting 
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when consciousness was lost, rapid lightening of 
anaesthesia, (making difficulties with subsequent 
maintenance) was noted, as was the frequency of 
spontaneous excitatory and respiratory side 
effects. The actual duration of apnoea was noted 
up to 61 seconds, after which ventilation was 
assisted. 


Results 


Anaesthesia was smooth in most instances, with 
the very rare occurrence of troublesome spon- 
taneous movement or respiratory upset. Figure | 
shows an obvious reduction in dosage in both 
sexes in patients over 60 years of age. The 
variation in dosage in also less in the elderly 
patients. The lines in Fig. 1 are calculated at the 
mean weight for each group and the slight 
difference between males and females is not 
clinically significant. The statistically derived 
formulae for the lines of best fit are: , 


Men, log, dose = 1.082—0.0054 (age—45)- 
0.00014 (age— 45)? — 0.0055 x weight 


Women, log. dose = 1.073 — 0.0031 (age—45)— 
0.00015 (age— 45)? — 0.0069 x weight 


Table 1 gives the mean doses in patients under 
and over 60 years. With both series there is a 
highly significant (p<0.001) difference between 
the requirements in the two age groups. With this 
technique of ‘induction’, the frequency of side 
effects attributable to propofol was low and with 
the reduced dosage in the elderly, no obvious age- 
related cardiovascular or respiratory depression 
was recorded. Table 2 summarises the findings of 
the bolus study. The lowest (1.25 mg/kg) dose was 
abandoned after 20 administrations because of 


3 Females 








Fig. 1. Plot of ‘induction’ dose requirements of 

propofol versus age for each individual patient, 

together with line of best fit calculated by multiple 
regression analysis. 
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Table 1. Mean induction dose of propofol in patients under and 





over 60 years 
Under 60 years Over 60 years 
n  me/kg (SD) n mg/kg (SD) 
Males 69 2.08 (0.37) 37 1.66 (0.33) 
Females 118 1.97 (0.39) 45 1.63 (0.25) 





extremely light anaesthesia in six patients. The 
highest dose in the elderly was stopped at 20 
administrations because of an excessive incidence 
of hypotension and apnoea. 

Doses of 2.25-2.50 mg/kg are required to 
induce anaesthesia in the patients under 60 years 
while 1.50-1.75 mg/kg is adequate in the older 
patients. Prolonged apnoea becomes a problem 
with doses greater than 2.5 mg/kg in young 
patients and with doses of 2.0 mg/kg and over in 
the elderly. The most important difference 
between the two series is the higher incidence 
of hypotension and apnoea when a bolus is 
injected over 20 seconds, compared with virtually 
complete absence of acute toxicity with the slower 
injection. 


Discussion 


The two studies show marked sensitivity to the 
drug in elderly patients, both with respect to 
dosage and acute toxic effects. The latter can be 
minimised by a slow injection technique, such as 
that used in the dose-finding study. When given 
slowly and in small dosage, propofol proved to be 
a satisfactory drug in elderly patients. 

The ‘induction’ dose of propofol, as estimated 
in this study, differs slightly from the re- 
quirements when the drug is used in clinical 


practice. These differences will apply in all age 
groups except that a slow circulation time could 
result in some overestimate of dosage in the 
elderly. The negative coefficients for weigh: in the 
formulae indicate that the administration of 
propofol on a weight basis overcorrects. With 
thiopentone, the weight-related calculated 
dose is reduced in obese patients and it has 
been suggested the dosage should be related to 
lean body mass.” However, this is clinically not 
practical. 

No pharmacokinetic studies were carried out in 
these patients as it was our intention to look at the 
degree rather than the cause of changes in dosage 
requirements. 
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Premedication with cimetidine and metoclopramide 


Effect on the risk factors of acid aspiration 


S. K. PANDIT, S. P. KOTHARY, UMA A. PANDIT anb R. K. MIRAKHUR 


Summary 


A randomised, double-blind, placebo-controlled parallel study was conducted in adult females to evaluate 
the efficacy and safety of a combination of cimetidine 300 mg orally and metoclopramide 10 or 20 mg intra- 
venously in reducing pre-operative residual gastric volume and raising gastric pH. The effect of pre- 
operative metoclopramide on postoperative nausea and vomiting was also investigated. Oral cimetidine was 
given approximately 2-2.5 hours before, and intravenous metoclopramide either 15 or 30 minutes prior to 
induction of anaesthesia. The study showed that placebo-treated patients undergoing outpatient operations 
have an increased risk of acid aspiration because of high residual gastric volume and low pH and increased 
risk of serious pulmonary injury should acid aspiration occur. Metoclopramide 10 or 20 mg intravenously 
prior to induction of anaesthesia was effective in reducing the residual gastric volume significantly, but not 
in raising pH. The combination of cimetidine and metoclopramide, as well as cimetidine alone, reduced the 
risk factors of acid aspiration by raising gastric pH and reducing residual volume. No anti-emetic effect 
of metoclopramide was observed. Higher doses of metoclopramide (20 mg) produced significant side effects 
(flushing, dizziness, extrapyramidal side effects), but were only marginally more effective than 10 mg doses 
in reducing residual gastric volume. 


Key words 
Gastrointestinal tract, stomach, pH. 


Histamine, H,-receptor antagonist, cimetidine. 
Pharmacology; metoclopramide. 


Much has been written about the risk of acid 
aspiration during anaesthesia, and various 
methods have been suggested to reduce this 
hazard. Yet the aspiration of stomach contents 
still remains a major cause of anaesthetic 


mortality and morbidity.!. Thus, continued 
research in this area is indicated.? The introduc- 
tion of cimetidine (an H,-receptor blocker) was 
undoubtedly a breakthrough in approaching the 
problem of acid aspiration during anaes- 
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thesia.*~!° Cimetidine, given at least 60-120 
minutes before the induction of anaesthesia 
(either orally, intramuscularly or intravenously, 
predictably raises the gastric pH to a safer 
level.?~!° However, it is claimed that a single 
dose of cimetidine does not always reduce 
residual gastric volume.®*!° Undoubtedly, intra- 
gastric pH is a more important factor than 
volume in determining the consequences of 
aspiration,'! but high residual gastric volume and 
consequent high intragastric pressure certainly 
can precipitate or facilitate regurgitation and 
aspiration. 

Metoclopramide, a dopamine antagonist and 
anti-emetic, accelerates gastric emptying by 
increasing motility of the gastrointestinal tract 
and increasing lower oesophageal sphincter pres- 
sure.'7!3 At present, metoclopramide is 
commonly used in radiological procedures of the 
gastrointestinal tract,’* as an anti-emetic after 
cancer chemotherapy,'* and as a gastric pro- 
kinetic agent in diabetic gastroparesis. ! 6 

Our study examines whether a combination of 
cimetidine and metoclopramide would be more 
effective than either drug alone in reducing the 
accepted risk factors of acid aspiration, without 
causing additional side effects. 


Methods 


The study consisted of two separate and 
independent phases. 


Phase 1 


Eighty adult female patients (ASA Class 1 or 2) 
scheduled for outpatient laparoscopic examina- 
tion or laparoscopic tubal cauterisation were 
randomly divided into four test groups. The 
institutional ethics committee approved the 
study and each patient gave written informed 
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consent. All patients fasted for at least 10 hour: 
before operation and no premedication othe: 
than the study drugs was given. The stud) 
medications were dispensed in a randomisec 
double-blind fashion. The staff of the hospita 
pharmacy blinded the medication in identica 
containers (capsules and vials) and randomisa: 
tion was done by a computer. Each patien' 
received cne capsule (placebo or cimetidine 
300 mg) administered orally approximately 7 
hours before operation, and an intravenous agen! 
(placebo or metoclopramide 10 mg) ap 
proximately 15 minutes prior to induction ol 
anaesthesia. The intravenous agents (2 ml) were 
injected over a period of 60 seconds. Lactose was 
used as placebo for oral medication and 0.9 per- 
cent sodium chloride was used as the placebo for 
intravenous medication. Group | patients re- 
ceived placebo orally and placebo intravenously, 
group 2 patients received placebo orally and 
metoclopramide intravenously, group 3 patients 
received cimetidine orally and metoclopramide 
intravenously, and group 4 patients received 
cimetidine orally and placebo intravenously 
(Table 1). 

Anaestietic management in all cases was stan- 
dardised; pretreatment with tubocurarine (3 mg), 
induction with thiopentone (4-5 mg/kg), sux- 
amethontum (1.5-2.0 mg/kg) tracheal intubation; 
anaesthesia was maintained with nitrous oxide, 
oxygen, a volatile anaesthetic agent (usually 
isoflurane), fentanyl (1-2 yg/kg), suxameth- 
onium infusion and controlled ventilation. 
Immediately following tracheal intubation, a 
Salem sump gastric tube (16 or 18 SWG) was 
passed via the mouth; position was confirmed by 
auscultation of injected air and as much gastric 
juice as possible was aspirated after repeated 
changes in the position of the stomach tube and 
of the patient. The aspiration of the stomach 
content was done over a period of 20-30 minutes. 


Table 1. Phase 1: Demography (mean, SEM) 








Age Height Weight 

Drug group n (years) (inches) (ib) 
I Oral placebo + intravenous 20 30.67 63.62 142.19 
placebo (1.44) (0.62) (7.09) 
2 Oral placebo + intravenous 20 27.95 64.67 136.76 
metoclopramide 10 mg (0.98; (0.73) (5.04) 
3 Oral cimetidine 300 mg + intra- 20 32.60 63.95 136.50 
venous metoclopramide 10 mg (1.201 (0.54) (8.37) 
20 32.75 64.75 130.85 


1 4 Oral cimetidine 300 mg 
+ intravenous placebo 


(1.80) (0.63 GAN 
p=0.06 p=0.52 p=0.67 
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Table 2. Phase 2: Demography (mean, SEM) 


Drug group 


Age Height Weight 
n (years) (inches) (ib) 





| Oral cimetidine 300 mg + 
intravenous metoclopramide 
10 mg 

2 Oral cimetidine 300 mg + intra- 
venous metoclopramide 20 mg- 

3 Oral cimetidine 300 mg + 
intravenous placebo 


The pH of the collected juice was measured using 
a Corning pH meter and volume was measured 
accurately by syringe. 

The incidence of pre-operative side effects such 
as dizziness or sedation, and postoperative side 
effects such as nausea, vomiting or drowsiness, 
were recorded following specific interrogation 
regarding presence or absence of the side effects. 


Phase 2 


An additional 53 adult female patients (ASA 
Class 1 or 2) scheduled for the same operation in 
the same operating room were studied after all the 
cases in Phase 1 were completed. Phase 2 study 
protocol was exactly the same as in Phase 1, 
except that there were three study groups and all 
patients received cimetidine 300 mg orally ap- 
proximately 160 minutes beforehand, followed 
by either metoclopramide 10 mg or 20 mg or a 
placebo given 30 minutes before induction of 
anaesthesia rather than 15 minutes before, as was 
done in Phase | (Table 2). The study in Phase 2 
was terminated before all the designated cases 
were completed because of the necessity of 
writing an abstract by a given deadline; hence, we 
have groups of unequal size. 


IS 29.80 65.33 144.20 
(1.27) (0.65) (6.42) 
19 3032 64.68 142.37 
(1.28) (0.60) (7.08) 
19 28.32 65.21 14279 


(1.06) (0.84) (5.75) 
p=0.46 p=0.79 p=0.98 


Statistical analysis 


Demographic data, time intervals after medica- 
tions, residual gastric volumes and pH values 
obtained from each group were compared 
between groups in each Phase by the ANOVA 
one-way analysis of variance technique to 
test the null hypothesis. In the case of an 
overall significance, pairwise multiple com- 
parisons were performed to find which groups 
accounted for that significance. The side effects 
(nausea, vomiting, dizziness, etc.) which occurred 
in each group were compared with those in other 
groups using the Chi squared statistic. A value of 
p<0.05 was considered significant. 


Results 


Tables | and 2 show the demographic variatles in 
Phases | and 2 respectively. There was no 
statistical difference between the groups studied 
during each phase. The actual time interval 
between the oral premedication and gastric 
suctioning and also between the intravenous pre- 
medication and gastric suctioning is shown in 
Table 3 (Phase 1) and Table 4 (Phase 23. As 
planned, the oral medication in Phase | was given 


Table 3. Phase 1: actual time intervals (mean, SEM) 





Time interval between Time interval between 
oral medication and intravenous medication and 
gastric suction gastric suction 

Drug group (minutes) (minutes) 
1 Oral placebo 132.38 19.05 

+ intravenous placebo (8.77) (1.81) 
2 Oral placebo 142.86 17.62 

+ intravenous metoclopramide 10 mg (8.97) (1.45) 
3 Oral cimetidine 300 mg 149.75 18.25 

+ intravenous metoclopramide 10 mg (11.86) (1.37) 
4 Oral cimetidine 300 mg 137.00 18.00 

+ intravenous placebo I.V. (9.89) (1.56) 


p= 0.63 p = 0.93 


aN 
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Table 4. Phase 2: actual time intervals (mean, SEM) 


Time interval betweer 
oral medication and 





Time interval between 
I.V. medication and 


gastric suction gastric suction 

Drug group (minutes) (minutes) 
1 Oral cimetidine 300 mg 152.00 32.33 
+ intravenous metoclopramide 10 mg (10.81) (1.45) 
2 Oral cimetidine 300 mg 160.79 34.21 
+ intravenous metoclopramide 20 mg (9.02) (1.88) 
3 Oral cimetidine 300 mg 161.32 35.79 
+ intravenous placebo (8.87) (1.88) 

p= 0.76 p= 0.42 





approximately 2-2.5 hours prior to the gastric 
suctioning and intravenous medication was ad- 
ministered approximately 15-20 minutes before- 
hand. In Phase 2, these were given approximately 
2-2.5 hours and 30-35 minutes, respectively, 
prior to gastric suctioning. There was no statis- 
tical difference between the groups in this respect. 

Table 5 shows the pH values (mean, SEM) and 


and group 2 (placebo and metoclopramide). 
There was no significant difference between 
group 3 ard 4 with respect to pH levels. Residual 
volumes in groups 3 and 4 were also significantly 
reduced (p <0.001) compared to group 1 but not 
from group 2, group 3 and group 4 revealed no 
significant difference in volume aspirated. 
Table 6 shows the mean pH and residual 


Table 5. Phase 1: pH and volume of gastric juice (mean, SEM) 


Drug group pH of gastric juice Residual volume (ml) 
1 Oral placebo 2.03 45.48 

+ intravenous placebo (0.25) (5.73) 
2 Oral placebo 2.28 24.10" 

+ intravenous metoclopramide 10 mg (0.33) (3.42) 
3 Oral cimetidine 300 mg 5.30t* 17.65* 

+ intravenous metoclopramide 10 mg (0.46) (3.07) 
4 Oral cimetidine 300 mg 5.45t* 17.90" 

+ intravenous placebo (0.46) (3.00) 

p= 0.001 p= 0.001 





*p<0.001 compared to group I. 
tp <0.001 compared to group 2. 


residual gastric volume (mean, SEM) in Phase 1 
cases. When no active agent was given (group 1, 
placebo and placebo), the mean pH of the gastric 
Juice was 2.03 (SEM 0.25) and the average gastric 
volume was 45.48 (SEM 5.73) ml. In group 2 
(placebo and metoclopramide 10 mg), the 
average pH was still low (2.28, SEM 0.33), but the 
residual volume (24.10, SEM 3.4 ml) was sig- 
nificantly lower (p < 0.001) compared to group 1. 
Group 3 (cimetidine and metoclopramide) and 
group 4 (cimetidine and placebo) both had high 
pH (5.30, SEM 0.46 and 5.45, SEM 0.46, 
respectively), and both groups also had low 
residual volumes (17.65, SEM 3.07 and 17.90, 
SEM 3.0 ml, respectively). The pH values in 
groups 3 and 4 were significantly (p<0.001) 
higher than both group 1 (placebo and placebo) 


volume in the three groups in Phase 2. The mean 
pH was kigh in all the three groups (well over 
5), and with no statistical difference between 
the groups. The residual volumes in all the three 
groups were low and ANOVA analysis demon- 
strated no difference between the groups. No 
patient showed any clinical sign of aspiration 
either in Phase 1 or in Phase 2. 

The only side effect encountered in Phase | 
(Table 7) was nausea and vomiting in a few cases 
in the postoperative period. Regardless of whether 
the patients received metoclopramide or not, the 
frequency of nausea and vomiting was very 
similar in all groups, with one exception. There 
was a Statistical difference (p<0.05) between 
group 2 and group 4 favouring placebo over 
metoclopramide. Therapy for nausea and vomit- 
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Table 6. Phase 2: pH and volume of gastric juice (mean, SEM) 

















Drug group PH of gastric juice Residual volume (ml) 
1 Oral cimetidine 300 mg 5.36 16.73 
+ intravenous metoclopramide 10 mg (0.52) (3.56) 
2 Oral cimetidine 300 mg 5.81 14.79 
+ intravenous metoclopramide 20 mg (0.44) (3.71) 
3 Oral cimetidine 300 mg 5.60 23.95 
+ intravenous placebo (0.45) (2.49) 
p=0.81 p=0.11 
Table 7. Phase 1: side effects 
Nausea Nausea and Therapy No gde 
Drug group only vomiting required effects 
1 Oral placebo 2/20 2/20 0/4 17/20 
+ intravenous placebo 
2 Oral placebo 0/20* 4/20* 1/4 17/20 
+ intravenous metoclopramide 10 mg 
3 Oral cimetidine 300 mg 2/20 2/20 0/4 16/2) 
+ intravenous metoclopramide 10 mg 
4 Oral cimetidine 300 mg 5/20* 2/20* 1/7 13/29 


+ intravenous placebo 


*Chi squared statistics for group 2 versus group 4 = p<0.05. 


in was instituted when the signs and symptoms 
occurred more than twice. 

In Phase 2 (Table 8), the frequency of nausea 
and vomiting in the three groups appeared very 
similar, although there was a statistical difference 
(p <0.05) between group 2 and group 3, this time 
favouring metoclopramide over a placebo. Six 
patients out of 19 in Phase 2/group 2 (meto- 
clopramide 20 mg) complained of transient flush- 
ing and dizziness soon after the intravenous 
medication, and one patient had extrapyramidal 
side effects (tonic contractions of ocular and 
facial muscles) which was treated promptly with 
diphenhydramine 25mg intravenously. One 
patient in group 1 (metoclopramide 10 mg) also 
complained of transient dizziness after the 
medication. 

There was no difference between the groups in 


either Phase 1 or Phase 2 in the duration of re- 
covery room stay or time to discharge. 


Discussion 


The incidence of morbidity and mortality from 
acid aspiration during elective operation is not 
known. However, the risk factors (low gastriz pH, 
high residual volume and increased intragasric 
pressure) have been identified. Thus, in clinical 
practice, it is prudent to try to reduce these risk 
factors as much as possible, especially in patients 
who are known to be at higher risk of regurgita- 
tion (e.g. obese patients, anticipated difficult in- 
tubation, high anxiety). The patients who 
received no active treatment (Phase 1, group 1, 
placebo and placebo) had consistently low pH 


Table 8. Phase 2: side effects 





Extra- 
Nausea Nausea and Therapy Flushing and pyramidal No side 

Drug group only vomiting required dizziness side effects effects 
l Oral cimetidine 300 mg 4/15 2/15 3/6 1/15 o/15 8/15 

+ intravenous metoclopramide 10 mg 
2 Oral cimetidine 300 mg 3/19 1/19* 2/4* 6/19 1/19 8719 

+ intravenous metoclopramide 

20 mg 
3 Oral cimetidine 300 mg 3/19 4/8* 0/19 0/19 11,19 


+ intravenous placebo 


“Chi squared statistics for group 2 versus group 3 = p 


5/19* 


<0.05. 


EN 


and high gastric volume. The results found in this 
control group are comparable to those reported 
in other published work.?™!! It has been sug- 
gested that patients scheduled for outpatient 
operation have higher residual gastric volume 
and lower pH compared to inpatients,” and thus 
presumably are at higher risk for pulmonary 
injury if acid aspiration occurs, although these 
data have not been verified in other studies. By 
current standards, the untreated patients in our 
study are at higher risk of acid aspiration com- 
pared to the treated group. 

We confirmed the results of Wymer and 
Cohen,!® who found that metoclopramide 10 mg 
given intravenously 15 minutes before operation, 
significantly reduced the gastric fluid volume but 
did not alter the pH. We also confirmed the 
results obtained by Capan et al.!° that there was 
no significant difference in the intragastric pH 
and volume between the groups who received 
cimetidine alone and those who received cime- 
tidine and metoclopramide (10 mg). Was this be- 
cause of an insufficient dose of metoclopramide 
(10 mg) or because sufficient time (more than 15 
minutes) was not allowed after the administration 
of the medication? In Phase 2, we addressed these 
two issues and increased the dose of metoclopra- 
mide to 20 mg and allowed at least 30 minutes 
after the metoclopramide. ANOVA analysis 
indicated that residual gastric volume was margin- 
ally better in patients who had received meto- 
clopramide 20 mg (compared to placebo), but not 
significantly so; however, the metoclopramide 
20 mg group had an unacceptably high frequency 
of side effects, especially dizziness. There was no 
difference in results between metoclopramide 
given 15 minutes versus 30 minutes prior to in- 
duction of anaesthesia (Phase 1 versus Phase 2). 
We have not analysed our data on the basis of 
popularly accepted high risk factors viz. pH less 
than 2.5 plus gastric volume more than 25 ml, 
because we believe these numbers have not been 
scientifically corroborated as yet. Manchikanti 
et al.?? recently concluded that oral administra- 
tion of cimetidine and metoclopramide in com- 
bination may reduce the risk of acid aspiration 
syndrome because the combination modifies ac- 
cepted risk factors. However, careful analysis of 
their results clearly showed that cimetidine alone, 
given at bedtime and mornings, worked just as well 
as the combination of cimetidine and metoclopra- 
mide to reduce the accepted risks (pH 2.5 and 
gastric volume 25 ml). We found similar results 
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with a single dose of cimetidine given in the 
morning. 

The anti-emetic effect of metoclopramide is not 
evident. This may be due to the short half life of 
metoclopramide,!?74_ and when given pre- 
operatively (especially intravenously), the anti- 
emetic effect may not extend to the postoperative 
period. Several other investigators?*~?* also 
showed thet pre-operative metoclopramide is not 
an effective postoperative anti-emetic. 

Thus, we conclude that unmedicated adult 
female patients scheduled for outpatient 
laparoscopic procedure have a large residual 
gastric volume and low pH. A single dose of cime- 
tidine given orally at least 2 hours before induc- 
tion of anaesthesia should significantly reduce the 
accepted risk factors (pH and volume) for acid 
aspiration and reduce the chance of significant 
pulmonary injury should acid aspiration occur. A 
pre-operative combination of cimetidine orally 
and metoclopramide intravenously also reduces 
the risk factors, but not any more than cimetidine 
alone. However, the combination may have an 
advantage because metoclopramide is known?5 
to increase lower oesophageal sphincter tone and 
thus should prevent regurgitation. 
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Comparison of effects of fentanyl and alfentanil 
on intra-ocular pressure 


A double-blind controlled trial 


S. M. MOSTAFA, A. LOCKHART, D. KUMAR anp M. BAYOUMI 


Summary 


The effects of fentanyl and alfentanil on intra-ocular pressure during anaesthesia were investigated in 50 
consecutive patients in a double-blind controlled trial. Both drugs produced a significant reduction in intra- 
ocular pressure (p <0.01). Alfentanil produced significantly greater reduction (48.5 percent) than fentanyl 
(28.6 percent) (p<0.01). A small but statistically significant reduction in arterial pressure (15 percent 
approximately) and heart rate (18 percent approximately), were observed with. both agents, but no 
significant differences between them were noted. It is suggested that alfentanil may be a suitable alternative 


to fentanyl in ophthalmic anaesthesia. 
Key words 


Analgesics; alfentanil, fentanyl. 


Measurement techniques; intra-ocular pressure, tonometry. 


Control of intra-ocular pressure (OP) during 
ophthalmic operations, particularly intra-ocular 
procedures, may be an important component of 
satisfactory operating conditions and successful 
surgery.! Anaesthetic techniques with a tendency 
to lower or prevent an elevation of IOP may 
minimise vascular congestion of the eye and its 
contents.? Most central nervous system depres- 
sants, including narcotic analgesics, cause a re- 
duction in IOP?~!° and fentanyl is often used in 
the anaesthetic technique for intra-ocular sur- 
gery.>811—15 Alfentanil is a recently introduced, 
short-acting opioid analgesic.'®!7 It has a more 
rapid onset of action, shorter duration of effect 
and more rapid recovery than fentanyl.1®~ 19 

A pilot study in our hospital, in patients under- 
going general surgery, demonstrated that alfen- 


tanil produced a reduction in IOP. The effects of 
any new anaesthetic on IOP should be assessed 
before the drug can be recommended for routine 
use in ophthalmic surgery. This investigation was 
therefore undertaken to compare the effects of 
alfentanil and fentanyl on IOP in a controlled, 
double-blind trial. 


Method 


The study was approved by the district medical 
ethics committee. Fifty consecutive adult 
patients (18 males and 32 females) aged 23-90 
years, undergoing routine ophthalmic operations 
under general anaesthesia, were investigated. The 
anaesthetist visited all patients pre-operatively to 
assess their fitness and to obtain written informed 
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consent. Only patients of ASA class 1 and 2 were 
included in the trial. Patients were randomly 
allocated to one of two groups, to receive fentany! 
or alfentanil intra-operatively for analgesia. 


IOP measurement 


All IOP measurements were performed by the 
same investigator (DK) using a standard, hand 
held Perkins applanation tonometer,?° following 
the application of 1-2 drops of benoxinate 0.4 per- 
cent solution and fluorescein from a dye 
impregnated paper strip. Intra-ocular pressure 
was measured in the supine position on the un- 
operated, normal eye (defined as an eye with pre- 
operative IOP of 22 mmHg or less!°). Ap- 
proximately 10 minutes after general anaes- 
thesia and controlled ventilation were established, 
control IOP, heart rate and arterial blood pres- 
sure measurements were taken. At that time, end 
tidal carbon dioxide concentration was 5 per cent, 
IOP was the same (SD | mmHg) as pre-operative 
values, the heart rate and arterial blood pressure 
were steady and equal to pre-induction levels. The 
patient was then given 0.1 ml/kg of the study drug 
(equivalent to 2.5 and 10 yug/kg of fentanyl or 
alfentanil, respectively). Intra-ocular pressure, 
heart rate and blood pressure were then measured 
simultaneously at 1, 2.5, 5, 7.5, 10 and 15 minutes 
following the administration of the trial drug. 
‘Thereafter, no further measurement of IOP was 
performed and the study was terminated. 


Anaesthesia 


All patients were premedicated with diazepam 
5-10 mg orally 2 hours pre-operatively. This is 
believed to cause no significant change in IOP.?! 
Induction of anaesthesia was with thiopentone 
3-4 mg/kg, followed by alcuronium 0.3 mg/kg. 
Alcuronium was chosen to prevent any 
significant alteration of IOP.?? Inflation of the 
lungs with oxygen, laryngoscopy and spraying of 
the vocal cords with 1.5 mg/kg lignocaine were 
performed after satisfactory muscle relaxation 
was achieved. None of the patients showed any 
movement during intubation of the trachea with 
size 8 or 9 mm cuffed Magill tracheal tubes. 
Ventilation of the lungs was controlled using a 
mixture of 34 percent oxygen in nitrous oxide fed 
into the delivery tube of a Bain type co-axial 
breathing circuit.23 Fresh gas flow from the 
anaesthetic machine was adjusted to deliver a 


total gas flow as close to 70 ml/kg/minute as the 
flowmeter etchings permitted, as this flow rate 
has been shown to produce normocapnia during 
controlled ventilation.2+ A Nuffield 200 ven- 
tilator (Penlon Co. Ltd.) was used to control 
ventilation. In order to maintain the mean intra- 
thoracic pressure as low as possible during 
controlled ventilation, and to maintain optimal 
ventilation of the lungs during anaesthesia, the 
tidal volume was adjusted to about 10-12 ml/kg 
with a respiratory frequency of 13/minute. 

Surgery commenced when the study period was 
completed and anaesthesia continued with 
nitrous oxide, oxygen and halothane 0.5%. 
Halfway through the operation, the patients were 
given droperidol 5 mg intravenously as an anti- 
emetic. Residual neuromuscular blockade was 
antagonised at the end of the operation with 
neostigmine and atropine, 50 wg and 20 ug/kg 
respectively. . 

Expired tidal and minute volumes were 
checked by inserting an electronic Wright’s 
respirometer?* (BOC, Medishield Ltd., U.K.), 
between the catheter mount and the breathing 
system. End-tidal carbon dioxide concentration 
was monitored continuously by a calibrated 
Datex infrared carbon dioxide analyser (Vickers 
Medical, U.K.) with an accuracy of + 0.1 percent 
and maintained throughout the trial period at 
5 percent by the addition, if needed, of carbon 
dioxide to the fresh gas supply and adjusting the 
flow rates of oxygen and nitrous oxide ap- 
propriately to maintain oxygen concentration. 
Heart rate and rhythm were continuously 
monitored by an electrocardiogram (ECG). 
Arterial blood pressure was measured using an 
automatic blood pressure monitor (Sentron, 
Bard, Critical Care Division, UK). 

Changes in IOP, systolic and diastolic pressures, 
and heart rate within groups were analysed by 
means of the two-way analysis of variance, using 
the Greenhouse and Geisser technique.?© Com- 
parisons between groups were first analysed by 
carrying out split-plot analysis of variance on the 
change from control value with all four vari- 
ables.27 This analysis showed statistically 
insignificant time-by-treatment interaction. 
Consequently, the mean change from control 
value for each of the four variables over the study 
period for each group was calculated and a one- 
way analysis of variance on these data was 
performed. Results which showed a significant 
group effect with respect to a mean change were 


T 


analysed by the two sample t-test. The two sample 
t-tests were performed on the absolute changes in 
IOP, systolic and diastolic pressures and heart 
rate, 


Results 


Physical characteristics of patients are sum- 
marised in Table 1. There were no significant dif- 


Table 1. Patients details (SEM) 








Age Weight 
Group (years) (kg) Sex 
Fentanyl 65.2 7.8 M:9 
(2.7) (2.9) F:16 
Alfentanil 70.4 68.3 M:9 
(1.4) (2.6) F:16 





ferences between the mean age, weight or sex 
distribution of patients in the two groups. Few 
patients in both groups were suffering from con- 
committant physical conditions such as hyper- 
tension, diabetes, asthma and angina pectoris. 
Their condition was stable and they were receiv- 
ing a variety of drugs, including antihypertensive 
agents and bronchodilators. The majority of 


Intra-ocular pressure (mmHg) 
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operations were cataract extractions (70 percent) 
and dacryocystorhinostomy (12 percent). 

There were no significant differences between 
the mean control IOP, systolic and diastolic 
pressures and heart rate in the two groups 
(Table 2). The mean change in these four 
variables are also shown in Table 2. When the 
results for each of these four variables within each 
group were analysed, using the two-way analysis 
of variance, significant mean falls in IOP, systolic 
and diastolic pressures and heart rate were found 
in both treatment groups (p<0.01, F = 13.01 or 
more, df 24 and 174). 

Comparison of the mean change, from control 
value, in IOP between groups, using one-way 
analysis of variance, was made. This analysis 
showed that mean IOP fell significantly more in 
the alfentanil group than the fentanyl group 
(p<0.01, F = 17.85, df 1 and 49). Accordingly, 
compariscns between groups were made, using 
the two-sample t-tests. Alfentanil, consistently 
appeared to cause a significantly greater reduc- 
tion in IOP than fentanyl during the study period 
(p<0.001; Fig. 1). 

Comparisons of the mean change in systolic 
and diastolic pressures and heart rate using one- 





ne! nen 
6 7 8 9 10 15 
Time (minutes) 
Fig. 1. Mean intra-ocular pressure in each group in 
relation to time. *, significantly greater decrease than 


Oo I 2 3 4 5 


after fentanyl (p <0.01); 





, fentanyl; ———. alfentanil. 


Table 2. Mean control value and reduction in IOP (mmHg) following fentanyl and alfentanil administration (SEM). 


Control Time after treatment (minutes) Mean overall 
Group n value 1 2.5 5 15 10 15 change 
Fentanyl 25 15 2.9 4.7 4.6 4.6 4.8 3.9 4.3 
(0.95) (0.57) (0.55) (0.69) (0.69) (0.73) (0.86) 
Alfentanil 25 16.7 7.3* 8.4* 7.3* g* 8.2* 6.9* 8.1t 


(0.84) (0.86) (0.83) (86 (@.75) (0.75) (091) 
*tSignificantly lower than fentanyl; p<0.001 and p<0.01 respectively. 
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Table 3. Mean control value and reduction in systolic, diastolic pressure (mmHg) and heart rate (beats/minute) 
following fentanyl and alfentanil administration (SEM) 








Control Time after treatment (minutes) 

i Mean overall 
Variable Group n value 2.5 5 15 10 15 change 
Systolic Fentanyl 25 140.3 : 13.6 22.2 244 25 24.5 19.5* 
pressure (2.86) (2.8) 45 (4) 6D 867 8.5) 

Alfentanil 25 147 ; 22.7 26.4 24.2 24.9 22.2 21.6* 
. f (4.82) (2.8) (28) 2D) 25 2D (2.7) 
Diastolic Fentanyl 25 83.5 2.3 10.8 14.8 16.4 16.2 15.7 12.5% 
pressure f (2.36) (10 2) (2.6) (2.9) (2.7) (2.7) 
Alfentanil 25 83.8 z 148 14.7 138 15.7 13.8 12.5% 
(2.6) (1.89) (1-5) (1.5) (1.7) (1.6) (1.9) 
Heart rate Fentanyl 25 79.7 3 11.6 15.2 18.3 18.2 18.3 14. 
(2.42) (1.2) (1.5) (1.5) (1.6) (1.5) (1.6) 
Alfentanil 25 816 x 15.1 16.7 16.7 16.4 16.5 14.9% 
(2.24) (1.4) 09 (1.3) (1.3) (14) (0.5) 


“Significant fall from control value; p<0.01. 


way analysis of variance were made (Table 3). 
There were no significant differences between the 
groups (p>0.05, F = 0.27, 0.1, 0.05 for systolic 
and diastolic pressures and heart rate respect- 
ively). However, four patients developed brady- 
cardia (heart rate <50 beats/minute). Three 
patients were in the fentanyl group and one in the 
alfentanil group. 

Satisfactory operating conditions in both 
groups were reported by the surgeons. Post- 
operatively, there was no vomiting and no 
systemic complications in any of the patients. All 
patients recovered consciousness and adequate 
respiratory function within 10 minutes of the end 
of anaesthesia. 


Discussion 


The use of modern surgical techniques has made 
general anaesthesia an increasingly popular 
choice in ophthalmic surgery. Patients present- 
ing for cataract extraction, surgical treatment for 
glaucoma and other ocular disease are frequently 
old and frail and may have limited cardio- 
pulmonary reserve. These patients require 
anaesthetic techniques which provide stable 
intra-ocular and haemodynamic conditions 
during operation.**-?° Providing such conditions 
has engaged the attention of anaesthetists for 
many years and the subject was reviewed 
recently. A technique similar to ours, using 
fentanyl and controlled ventilation has been 
described as useful in providing good conditions 
for the surgeons and smooth recovery from 
anaesthesia. Fentanyl is also reported to provide 
good analgesia, has few adverse effects on the 


circulation and helps to prevent coughing when 
the tracheal tube is removed.® In addition, it is 
reported to produce moderate reduction of 
IOP.?-8!!~15 Our results appear to confirm such 
reports. Over the study period, a mean reduction 
in IOP of 28.6 percent (range 19.3-32 percent) 
was noted in the fentanyl group. However, while 
fentanyl may exhibit many desirable character- 
istics, it is also reported to have a slower 
elimination half-life than alfentanil.183° Also, 
the duration of narcotic effect of multiple 
doses of fentanyl may be prolonged and dificult 
to assess by the anaesthetist®°; respiratory 
depression may occur during the recovery 
period.?! 

Alfentanil is reported to have a more rapid 
onset of action and less cumulation than fen- 
tanyl. 167 18:30:31 Recovery fromalfentanilis faster 
than with fentanyl!’ or even halothane.*? Alfen- 
tanil is also reported to cause a significantly bower 
incidence of postoperative vomiting than fen- 
tanyl.33 None of our patients vomited post- 
operatively. This may have been due to the potent 
anti-emetic action of droperidol given routinely 
to all our patients undergoing ophthelmic 
surgery. 

We know of no reports describing the effects of 
alfentanil on IOP. In common with other narcotic 
analgesics, our results show that, over the study 
period, alfentanil produced a significant reduc- 
tion in baseline IOP (48.5 percent, range 
41.3-53.9 percent). Furthermore, although the 
doses of fentanyl and alfentanil used in this study 
are reported to be equipotent, !63433 the latter 
produced a significantly greater reduction in IOP 
than the former (p<0.01). The magnitude of 


reduction in IOP was similar to, and on occasions 
higher than, that reported for halothane.?® In 
addition, the maximum reduction in IOP 
occurred at 5 and 10 minutes in the alfen- 
tanil and fentanyl groups respectively (Fig. 1). 
This may highlight the speed of action of alfen- 
tanil compared with fentanyl. 

All our IOP measurements were made in the 
supine position, which may have caused some rise 
in IOP. A further rise in IOP may have occurred 
with controlled ventilation of the lungs. However, 
inflation pressures were low (2.0-2.5 kPa) and 
constant for each patient. Furthermore, the 
anaesthetic technique was standardised and 
factors known to influence IOP were controlled.® 

The possible mechanisms by which alfentanil 
reduces IOP are probably similar to those of other 
central nervous system depressants.' These 
include relaxation of intra- or extra-ocular 
muscles, facilitation of flow of aqueous humour or 
a decrease in its production. It may also be due 
to the decrease in blood pressure observed in this 
study. However, the decrease in arterial pressure, 
although statistically significant in both groups, 
was small (15 percent approximately in each 
group) and did not require any clinical interven- 
tion by the anaesthetist to restore it to pre- 
treatment value. Furthermore, there were no 
statistically significant differences between the 
alfentanil and fentanyl groups with respect to 
arterial pressures. It may therefore be reason- 
able to suggest that the decrease in arterial pres- 
sure contributed only a small part in reducing 
IOP in the alfentanil group. 

With respect to heart rate changes in the two 
groups, again, although there was significant 
reduction in the two groups, these were small 
(18 percent approximately in each group) and did 
not necessitate treatment; no signficant dif- 
ferences were noted between the groups. Of the 
patients who developed bradycardia, two in the 
fentanyl group were receiving reserpine and 
atenolol and one patient in the alfentanil group 
was taking quinine sulphate. None of these 
patients required treatment, since they were 
clinically stable and the bradycardia was 
transient. 

The use of inhalation agents, particularly in the 
elderly, may be accompanied by cardiovascular 
depression, substantial hypotension®-!>-29-3637 
and may sensitise the heart to the action 
of exogenous catecholamines, such as phenyle- 
phrine, used in ophthalmic anaesthesia.3® The 


Intra-ocular pressure 497 


elimination of coughing (necessary to prevent a 
rise in IOP postoperatively) may also be difficult 
to achieve with some inhalation agents.!° 
Alfentanil may be particularly useful in 
patients in whom the action of fentanyl is 
considered to be prolonged, or in whom rapid 
suppression of the reflex responses to surgery is 
required.*° Its effects on IOP reported here 
suggest that its use in patients undergoing 
ophthalmic surgery may be advantageous. 
Patients in whom it is desirable to avoid the risk 
of cardiovascular depression (such as those with 
pre-existing cardiovascular disease), repeat 
halothane anaesthesia and those undergoing 
short procedures (e.g. iridectomy), may benefit 
from the use of alfentanil during anaesthesia. 
In conclusion, alfentanil appears significantly 
to reduce IOP during anaesthesia with nitrous 
oxide/oxygen, controlled ventilation and 
normocapnia. This reduction is significantly 
greater than that following fentanyl. Alfentanil 
appears to be a reasonable alternative to fentanyl 
and a useful agent in the armamentarium of 
anaesthetists during anaesthesia for ophthalmic 


surgery. 
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Caudal analgesia for perianal surgery 


A comparison between bupivacaine and diamorphine 


P. M. BAILEY anD S. SANGWAN 


Summary 

Seventy-three patients undergoing elective perianal surgery were randomly divided into a control group, 
a group who received a caudal injection of 20 ml bupivacaine 0.5% plain and a group who received 
diamorphine 2.5 mg in 10 ml normal saline by caudal injection; a comparison was then made of postoperative 
analgesia requirements. The bupivacaine group had better analgesia than the control group for the first 
8 hours, after which there was no difference. The diamorphine group had better analgesia than the control 
group for the first 24 hours postoperatively. Side effects were ‘ess in the diamorphine group than the 
control, or the bupivacaine group. In particular, 41% of the bupivacaine group complained of some degree 
of urinary retention and one patient required temporary catheterisation. It is concluded that caudal 
diamorphine gives good postoperative analgesia for perianal operations, particularly when motor blockade 
is not wanted by the surgeon. 


Key words 


Analgesia, postoperative. 
Anaesthetic techniques; epidural, caudal, narcotics. 


Epidural or intrathecal opiates are now widely 
used for postoperative analgesia,‘ following the 
first description of their use vy these routes.?~* 
Reports about opiate receptor sites®~® have 
indicated the substantia gelatinosa as the main 
site of action. Others have shown the existence 
of opiate receptor sites on the dorsal roots of 
nerves? and reports from other studies have 
suggested the effectiveness of opiates given more 
peripherally.1°11 Farag and Naguib‘? have 
recently reported on the postoperative analgesia 


given by caudal morphine injected at the end of 
surgery. ; 

This trial was designed to compare the effec- 
tiveness in providing postoperative analgesia, of 
diamorphine given by the caudal route to a local 
anaesthetic (bupivacaine) given by the caudal 
route, ard in comparison to a control group who 
received no caudal analgesia. 

Some surgeons prefer not to use caudal injec- 
tions of a local anaesthetic agent for perianal 
surgery because muscle tone may be lost. 
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Epidural diamorphine by the caudal route may 
offer an alternative method of analgesia for long 
duration, without motor blockade or the need 
for repeated intramuscular opiates which may 
cause problems of constipation. 


Methods 


Seventy-three patients presenting for elective 
surgery for haemorrhoids, fissure-in-ano, or 
fistula were randomly allocated to three groups 
A, Band C. All patients were in ASA groups 1 and 
2, between the ages of 18 and 65 years and gave 
their informed consent pre-operatively, when the 
method of postoperative pain scoring was ex- 
plained to them. Approval for the study was 
obtained from the district ethical committee. 

All patients received premedication of papa- 
veretum (Omnopon) 0.3 mg/kg and hyoscine 
(Scopolamine) 0.005 mg/kg by intramuscular 
injection, 1.5 hours pre-operatively. 

Anaesthesia was induced with thiopentone 4-6 
mg/kg. Patients in group A had anaesthesia 
maintained with oxygen, nitrous oxide and 
halothane, breathed spontaneously and formed 
the control group. Patients in group B were given 
a caudal injection of 20 ml bupivacaine hydro- 
chloride 0.5% plain, after induction and 
thereafter anaesthesia was by spontaneous 
ventilation with oxygen, nitrous oxide and 
halothane. Patients in group C received a caudal 
injection of diamorphine hydrochloride 2.5 mg 
in 10 ml normal saline after induction of anaes- 
thesia and anaesthesia was maintained by 
spontaneous ventilation with oxygen, nitrous 
oxide and halothane. 

Pulse rate and electrocardiogram (ECG) were 
continuously monitored by cardioscope. Systolic 
and diastolic blood pressures were monitored by 
an automatic recorder. (Dinamap, Critikon) and 
respiratory rate and expired carbon dioxide 
concentration were monitored by Datascope 
capnograph sampling from the anaesthetic mask. 


These measurements were noted after induction, 
at the commencement of surgery and, thereafter, 
at 5-minute intervals throughout the operation. 

The concentration of halothane required to 
maintain adequate anaesthesia was noted in all 
patients. Recovery was followed by noting the 
time taken from the end of the anaesthetic until 
the patients opened their eyes to command and 
then gave their correct date of birth. All patients 
were prescribed papaveretum 0.3 mg/kg by intra- 
muscular injection for postoperative pain relief, 
which they could receive 4-hourly as required. 

Before returning to the ward after full recovery, 
all patients were asked by the recovery room staff 
to score their pain on a standard 10-cm linear 
analogue scale and this was repeated by the ward 
nurses at 2 hours postoperatively and then every 
4 hours, except when the patient was sleeping, 
for the first 24 hours postoperatively. On the first 
postoperative day, the patient was visited by an 
independent assessor and both the patient and 
the ward staff were asked to assess pain relief as 
poor, good or excellent. Any side effects were 
noted, particularly hypotension, respiratory 
depression, pruritus, urinary retention, nausea, 
paraesthesia and motor blockade. The time from 
full recovery until the first dose of postoperative 
analgesia was noted, as was the total analgesia 
requirement for the first 24 hours. 

The mean pain scores were compared by 
Student’s t-test and p<0.05 was taken as 
significant. 


Results 


Twenty-eight patients were allocated to group A 
(the control group), twenty-six patients were 
allocated to group B (caudal injection of bupiva- 
caine) and twenty-six patients were allocated to 
group C (caudal injection of diamorphine). The 
three groups were broadly matched for age, sex, 
weight and type of operation (Tables 1 and 2). 
Out of 42 caudal blocks attempted, seven were 


Table 1. General characteristics of patients 


Group A (control) 


Age and 
Number of weight (means) Number of 
patients (years) (kg) patients 
Male 17 46.6 70.4 16 
Female li 50.2 64.1 8 


Group B (bupivacaine 20 ml 0.5%) 


Group C (diamorphine 2.5 mg) 





Age and Age and 
weight (means) Number of weight (means) 
(years) (ka) patients (years) (kg) 
45.2 70.3 13 42.3 74.3 
37 58.6 8 39 59.8 


oF 
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Table 2. Nature of operations. 
Group A Group B Group C 
control (%) bupivacaine (%) diamorphine (%) 
(n = 28) (n = 24) (n = 21) 
Haemorrhoidectomy 68 55 58 
Lay-open-fistula 21 33 26 
Lateral anal sphincterotomy li 12 16 


technically impossible (16% failure) and these 
patients were excluded from the trial, thus 
reducing the numbers in groups B and C after 
random allocation. This failure rate is similar to 
other studies.!!:13 The mean pain scores for the 
three groups were assessed by a linear analogue 
scale!* at intervals over the first 24 hours 
postoperatively (Fig. 1). Group B, the bupi- 
vacaine group, had significantly lower pain scores 
than the control group A for the first 8 hours 
postoperatively (p<0.01). After this time, 
there was no significant difference between 
group B and group A. Group C, the diamorphine 
group, had significantly lower pain scores 
than the control group A for the first 8 post- 
operative hours (p<0.01). At 12 and 16 hours 
postoperatively, the mean pain scores were lower 
than group A, but did not achieve statistical 
significance. At 20 and 24 hours, the mean pain 


Table 3 shows the requirements for post- 
operative analgesia in the first 24 hours for the 
three groups. In group A, six patients (21.5%) 
required no postoperative analgesia compared 
with eight patients in group B (33%); this was 
significantly different (p<0.05) (Table 3). In 
group C, fourteen patients (64.7%) required no 
analgesic injections in the first 24 hours, which 
was significantly more than groups A and B 
(p<0.01). Of the patients who required some 
analgesia postoperatively, group B patients re- 
quired significantly fewer injections than group A 
patients (p<0.05) and group C patients required 
significantly fewer injections than group 
B patients (p <0.05). No patients in either group 


Table 3. Intramuscular analgesic requirements in the 
first 24 hours postoperatively. 





scores of group C were again significantly less Group A GroupB Group C 

than group A (p<0.05 and p<0.01 respectively), (n= 28) (n= 24) (n = 21) 
Between groups B and C there was no signifi- No analgesics 

cant difference in mean pain scores in the recovery at all 6 (21.5%) 8 (33%)* 14 (64.7%)t 

room. Group B had significantly lower pain One injection 11 (39.2%) 7 (29.5%) 2 (8.8%) 


scores at 2 and 4 hours postoperatively (p < 0.05) 
but there was no difference at 8 hours. At 12 


Two injections 6 (21.5%) 9 (37.5%) 5 (20.5% 
Three injections 5 (17.8%) 0 0 


ar More then 
hours, group C was significantly lower than three 
group B (p <0.05). While there was no difference injections 0 0 0 


at 16 and 20 hours, group C was significantly 
lower than group B at 24 hours (p<0.01). 


5.0) 


Mean pain score 
p wi os 
Oo oO 


5 


*p<0.05 for group A, compared to group B. 
**p<0.01 for group C compared to groups A and B. 












Postoperative time (hours) 


Fig. 1. Pain scores during the first 24 hours (mean, 
SEM), 4—A, Control group A; @—@, bupivacaine. 
group B; O---O, diamorphine group C. 
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Fig. 2. Respiratory rate during surgery (mean SEM), 
A—A, Control group A; @—®, bupivacaine 
group B; O---O, diamorphine group C. 


B or C required more than two injections, while 
five patients in group A (17.8%) required three 
injections. 

During the operative procedure, there was no 
significant difference between, or overall change 
in, the pulse rate and blood pressures of group 
B and C patients. The pulse rate and blood 
pressure of group A patients showed an initial 
rise during the first 5 minutes, but this was not 
statistically different. 

Figures 2 and 3 show the respiratory rate and 
percentage expired carbon dioxide concentration 
during the operative procedure. Patients in group 
B had no significant change in respiratory rate 
during the procedure. Patients in group A had a 
large increase in respiratory rate at the beginning 
of surgery which, although reduced after 5 
minutes, remained significantly greater than 
patients in group B (p<0.01). Group C patients 
showed a fall in respiratory rate for the first 10 
minutes, and remained significantly lower than 
group B throughout the procedure (p <90.01). 

In group A patients (Fig. 3), there was an initial 


fez 


4 
Induction Incision 5 


Expired CO2z concentration (%) 
na 


fall in expired carbon dioxide concentration in 
relation to group C, (p <0.05) although the-e was 
no statistically significant fall within the group 
and the carbon dioxide concentration remained 
at a constant level throughout the procedure. The 
carbon dioxide concentration in group B patients 
did not decrease with the incision, but gracually 
rose throughout the surgical procedure; the level 
was significantly greater than group A at incision, 
at 5 minutes, 20 minutes and 30 minutes (p< 
0.01). Group C patients showed a rise in carbon 
dioxide concentration for the first 10 mirutes, 
after which it remained steady at a significantly 
greater level than group A throughout the 
procedure (p<0.01), but was not significantly 
different from group B until after 10 minutes 
(p <0.01, and reverted to normal on wakening. 
The time from cessation of the anaesthetic 
until opening the eyes to command was less 
in group B (15.4 minutes, SEM 1.1 minutes) 
than group A (17.3 minutes, SEM 1.1 minutes) 
and C (17.9 minutes, SEM 1.1 minutes) though 
not statistically significant, while the total 


Ai 
TAP e ? 


f 


20 30 





Time (minutes) 


Fig. 3. Expired carbon dioxide concentration (mean; 
SEM) during surgery. A—A, Control group A; 
@—6@, bupivacaine group B; O ---O, diamorphine 
group C. 


recovery time, taken as the mean times to give 
their correct date of birth, was significantly shorter 
for group B (23 minutes, SEM 1.4 minutes) than 
groups A (30 minutes, SEM 1.9 minutes) and C 
(29.5 minutes, SEM 1.9 minutes) (p<0.01). 

During the procedure, five patients in group A 
(18%) developed abnormalities on ECG, three 
patients had atrial extrasystoles (one had coupled 
beats throughout the procedure) and two had 
ventricular ectopic beats. In group C, two 
patients (9%) showed ECG irregularities; one 
patient had a junctional rhythm throughout and 
one had atrial ectopics. No patients in group B 
showed any ECG irregularities. Eleven patients 
in group A (39%) complained of nausea and 
required intramuscular anti-emetics, compared 
with seven patients in group B (29%) and seven 
patients in group C (32%). 

No patient in the trial developed postoperative 
respiratory depression. The intra-operative 
respiratory depression seen in group C patients 
returned to normal as they awoke. No patients 
complained of pruritus. Eight patients (33%) in 
group B noticed some paraesthesia and seven 
patients (29%) also in group B, noted a degree of 
motor blockade. The majority of these patients 
accepted this, but three patients (two female, one 
male) found it distressing. No patients in groups 
A or C suffered from this. Ten patients in group 
B (41%) complained of some urinary retention 
postoperatively. This manifested itself mainly as 
hesitancy on micturition, but one man required 
temporary catheterisation. No patients in groups 
A or C complained of this. 


Discussion 
The caudal injection of a local anaesthetic agent 
is a simple and widely used method of giving 
good pre-operative and postoperative analgesia. 
Opiates have been given both intrathecally and 
extradurally and shown to give good post- 
operative analgesia for long periods.™15 1° Re- 
search into receptor locations has shown that 
opiates enter the substantia gelatinosa of the 
spinal cord to produce their effect.°~® It has been 
thought that both epidural and intrathecal 
opiates have this common site of action, with 
epidural opiates having to cross the spinal dural 
membrane and enter the cerebrospinal fluid 
before binding to receptors. This accounts for 
their higher equipotent dose requirements over 
intrathecal opiates. It has been thought that any 
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binding to peripherally sited opiate receptors was 
secondary to their main site of action; however, 
a study by Jensen'! described the good effect of 
giving a caudal epidural injection of morphine 
for postoperative pain control, compared with 
intramuscular injections of opiates, for surgery 
below the level of the umbilicus. 

The results of this study confirm the effective- 
ness of caudal bupivacaine for peroperative and 
postoperative analgesia. However, its effect was 
shown to last up to 8 hours postoperatively, after 
which there was no significant difference com- 
pared to the control group. The patients in the 
control group obviously feel more stimulation 
during surgery, as evidenced by the higher 
respiratory rate, lower end-tidal carbon dioxide 
concentration and higher halothane concentra- 
tion necessary for adequate anaesthesia. 

Caudal diamorphine provides effective post- 
operative analgesia, which was better than the 
control group throughout the 24 hours studied, 
and better than the bupivacaine group after 8 
hours. Initially, there is rapid systemic absorption 
from the epidural space, as shown by the 
ventilatory depression which developed over the 
first 10 minutes after injection. Previous studies 
have also shown ventilatory depression after 
extradural opiates and systemic absorption has 
been suggested to be equivalent to intramuscular 
injection.'7~2° However, as the plasma half-life 
of intramuscular diamorphine is only 1.5-2.5 
hours, the central effects of systemic absorption 
are unlikely to account for the long duration of 
analgesia shown by this study. 

The alternative sites of action may be either at 
the substantia gelatinosa or, more peripherally, 
on the nerve roots as they emerge from the dura. 
The spinal cord ends at the L, level, but the dura 
ends at the S; level so that uptake of diamorphine 
which is very lipophilic, could occur into the 
cerebrospinal fluid across the dura, and then to 
the substantia gelatinosa of the cord. Fields et 
al.® have shown that the dorsal nerve roots are 
rich in opiate receptors and a recent report of 
the effectiveness of a brachial plexus block 
performed using morphine?! may support the 
case for a more peripheral site of action of opiates, 
as well as at the substantia gelatinosa. 

No patients showed any postoperative respi- 
ratory depression, as in previous series,!!!? in 
which the caudal injections were made post- 
operatively, either on awake patients when they 
first experienced pain, or on patients who were 
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waking, and in whom it is likely that their 
respiratory drive was greater than anaesthetised 
patients. 

The incidence of cardiac dysrhythmias (group 
A, 18%; group B, 0%; group C, 9%) may partly 
be a reflection of the halothane concentration 
necessary for adequate anaesthesia in each 
group and the circulating level of catecholamines. 
Group A patients would be expected to have a 
higher circulating level of catecholamines from 
their response to surgical stimulation. The 
incidence of dysrhythmias did not correlate with 
the mean level of expired CO2 concentration 
which was highest in group C and lowest in group 
(Fig. 3). 

Postoperatively, nausea was seen as a side effect 
in all groups in the same incidence as previously 
reported.?? The bupivacaine group showed 
the highest incidence of side effects which were 
of concern to the patients; in particular, 41% 
complained of some degree of urinary retention. 

In conclusion, this study shows that diamor- 
phine can be given simply by the caudal route 
and provides more effective, long-lasting post- 
operative analgesia when compared to both a 
control group and to a group receiving bupiva- 
caine by caudal injection. It is likely that reduced 
requirements for analgesics postoperatively 
would result not only in greater comfort for the 
patient, but also less opiate-induced constipation, 
which is beneficial in anal surgery. Caudal 
diamorphine is particularly suited for operations 
performed by surgeons who do not like the motor 
blockade produced by caudal bupivacaine. 


Acknowledgments 


The authors wish to thank Mr P.R. Hawley and 
Mr J.M.A. Northover for permission to study 
their patients and also the theatre and ward staff 
at St Mark’s Hospital who were always helpful 
in performing the postoperative observations. 


References 


1. Cousins MJ, MATHER LE, GLYNN CJ, WILSON PR, 
GRAHAM JR. Selective spinal analgesia. Lancet 1979, 
I: 1141-2. 

2 Bromace PR, Camporesi E, CHESTNUT D. Epidural 
narcotics for postoperative analgesia. Anesthesia 
and Analgesia 1980; 59: 473-80. 

3. Benar M, OLswanG D, Macora F, Davipson JT. 


10. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


21. 


22. 


Epidural morphine in treatment of pain. Lancet 
1979; 1: 527. 


. YAKSH TL, Rupy TA. Analgesia mediated by a 


direct spinal action of narcotics. Science 1976; 192: 
1357-8. 


. WANG JK. Analgesic effect of intrathecally admin- 


istered morphine. Regional Anaesthesia 1977, 2 
8-11. 


. Dugaan AW, Hai JG, Heap.tey PM. Mcrphine, 


enkephalin and the substantia gelatinosa. Nature 
1976; 264: 456-8. 


. SNYDER SH. Opiate receptors and internal opiates. 


Scientific American 1977, 236: 44-56. 


. KiTaAHATA LM, CorLms JG. Spinal accion of 


narcotic analgesics. Anesthesiology 19€1; 54: 
153-63. 


. Feros HL, Emson PC, Leic BK, Gripert RFT, 


Iverson LL. Multiple opiate receptor sites on 
primary afferent fibres. Nature 1980; 284: 351. 
BoskovskI N, LEWINSKI A, XUEREB J, MERCIECA V. 
Caudal epidural morphine for postoperative pain 
relief. Anaesthesia 1981; 36: 67-8. 


. JENSEN PJ, SrEM-JORGENSEN P, BANG NIELSEN T, 


WICHMAND-NIELSEN H, WINTHERREICH E. 
Epidural morphine by the caudal route for post- 
operative pain relief. Acta Anaesthesfologica 
Scandinavica 1982; 26: 511-3. 

FaraG H, Nacume M. Caudal morphine for pain 
relief following anal surgery. Annals of the Royal 
College of Surgeons of England 1985; 67: 257-8. 
Dawkins CJM. An analysis of the complications of 
extradural and caudal block. Anaesthesia 1969; 
24: 554-63. 

Revit SI, Rosinson JO, Rosen M, Hoce MIJ. 
The reliability of a linear analogue for evaluating 
pain. Anaesthesia 1976; 31: 1191. 

Wana JK, Nauss LA, THomas JE. Pain relief by 
intrathecally applied morphine in man. Anes- 
thesiology 1979; 50: 149-5. 

RUTTER DV, Skewes DG, MorGan M. Extradural 
opioids for postoperative analgesia. A double-blind 
comparison of pethidine, fentanyl and morphine. 
British Journal of Anaesthesia 1981; 53: 915-9. 
Torpa TA, Pysus DA, LIBERMAN H, CLARK M, 
CRAWFORD M. Experimental comparison of extra- 
dural and I.M. morphine. British Jourral of 
Anaesthesia 1980; 52: 939-42. 

Doslar DD, MULDOON SM, ABBRECHT PH, 
BaskorF J, WATSON RL. Epidural morphine 
following epidural local anesthesia; effect on 
ventilatory and airway occlusion pressure 
responses to CO2. Anesthesiology 1981; 55 423-8. 


. Cooper GM, GoopMaN NW, Prys-Rogerts C, 


Jacosson l, Doucias G. Ventilatory effects of 
extradural diamorphine. British Journal of Anaes- 
thesia 1982; $4: 239. 


. Rez S, WesTBerG M. Side-effects of ep.dural 


morphine. Lancet 1980; 2: 203-4. 

SANCHEZ R, NIELSEN H, HESLET L, IVERSEN AD. 
Case report: Neuronal blockade with morph-ne. A 
hypothesis. Anaesthesia 1984; 39: 788-9. 

Cousins MJ, MATHER LE. Intrathecal and ep-dural 
administration of opioids. Anesthesiology 19&4; 61: 
276-310, 


ag 


Anaesthesia, 1986, Volume 41, pages 505-510 


Influence of ketanserin pretreatment on the haemodynamic 
responses to sternotomy 


J. N. CASHMAN, M. A. THOMPSON anD A. BENNETT 


Summary 


The effect of intravenous ketanserin on the pressor response to sternotomy was studied in 36 patients 
undergoing coronary artery surgery. Two doses of the drug (10 mg and 20 mg) were compared with a placebo 
injection of saline. After induction of anaesthesia, haemodynamic variables were measured until the 
institution of cardiopulmonary bypass. Plasma and platelet 5-hydroxyindoles and 5-hydroxytryptamine 
were measured in a subset of 13 patients. Ketanserin induced a dose-dependent amelioration of the pressor 
response to sternotomy. Plasma 5-hydroxyindoles and platelet 5-hydroxytryptamine levels did not cor- 
relate with clinical response. The increased effectiveness of the higher dose of ketanserin may be due 


to an effect other than serotonin antagonism. 
Key words 


Hormones, serotonin. ; 
Pharmacology; serotonin antagonists. . 


The deleterious effects of intra-opetative and 
postoperative arterial. hypertension -in patients 
undergoing open heart surgery remains a cause 
for concern, especially in patients with ischaemic 
heart disease undergoing : coronary artery 
surgery. The incidence of hypertension following 
coronary artery surgery has been . variously 
quoted as being between 30 and. 60 percent,’ ~? 
whilst intra-operative hypertensive episodes may 
be even more common: ‘.Jntra- ~operative ‘Hyper- 
tension frequently eccurs i response, to. specific 
stimuli such as nasopharyngeal ` or: “tracheal 
stimulation, median sternotomy*~7- and 
arousal.®-? Anaesthetic techniques: based upon 
opioids, even in high doses, doi Bot ales i ee 











the pressor response to stimuli such as median 
sternotomy, particularly in patients with 
preserved left ventricular function.!® An 
involvement of a variety of humoral factors 
including elevation of plasma levels of adrenaline 
or noradrenaline,”!! antidiuretic hormone,}? 


“renin and angiotensin!3~'5 have all been 


variously suggested. The most likely of these 
would seem to be catecholamine release; how- 
eyer, it is also possible that 5-hydroxytryptamine 
(S-HT, serotonin) may be involved in the 
development of hypertension at such times. 
Indeed, James et al.'° have proposed the 


‘existence of a cardiogenic hypertensive chemo- 


reflex in which platelet aggregates upon coronary 
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atherosclerotic plaques in the proximal left 
coronary arterial system could release serotonin 
and trigger such a response. The use of specific 
humoral antagonist therapy would thus appear to 
bea rational and attractive approach to the main- 
tenance of cardiovascular stability in such 
circumstances. Ketanserin, a  quinazoline 
derivative, is a new serotonin receptor antagonist 
with a predominantly peripheral site of action; it 
has already been reported as effective in treating 
postcoronary artery surgery hypertension.'? The 
present study was designed to evaluate the 
effectiveness of ketanserin in attenuating the 
hypertensive response to sternotomy. 


Patients and methods 


The protocol was approved by the hospital 
ethical committee and a total of 47 consenting 
male patients scheduled for elective myocardial 
revascularisation surgery were studied. An initial 
dose-finding study was performed on 11 patients 
and 36 patients took part in the principal double- 
blind study. The same anaesthetist cared for all 
patients. The patients were ASA 3, aged 37-74 
years and weighed between 61 and 98 kg. Pre- 
operative medication (which included beta- 
adrenoceptor antagonists, long acting nitrates 
and calcium antagonists in the majority of 
patients), was continued until the day of surgery. 
Any patient taking methysergide, tricyclic anti- 
depressants, monoamine oxidase inhibitors, or 
any other drug likely to interfere with platelet 
serotonin uptake or release, was excluded from 
the study. 


Pilot study 


Eleven patients received a single dose of ketan- 
serin (10, 20 or 30 mg) intravenously at the time 
of the sternal skin incision. Haemodynamic 
variables were continuously displayed during 
surgery and hard copy tracings obtained. As the 
20-mg dose appeared to give an optimum 
response it was decided to compare ketanserin 
10 mg and 20 mg with placebo in the principal 
study in a double-blind manner. 


Principal study 


Thirty-six patients were randomly allocated to 
three groups of 12 patients to receive either 
ketanserin 10 mg or 20 mg or a placebo injection. 


All patients were premedicated with oral 
lorazepam on the evening prior to surgery, and 
received: intramuscular - papaveretum and 
hyoscine 60 minutes before the anticipated time 
of anaesthetic induction. Anaesthesia was 
induced with phenoperidine 4-6 mg and 
etomidate 0.3 mg/kg and maintained with nitrous 
oxide in oxygen, supplemented by furthe> doses 
of opiate and the addition of a low inspired 
concentration of halothane (<0.5 percent), as 
judged necessary by the clinical signs. Tracheal 
intubation and control of ventilation were 
facilitated by pancuronium 0.15 mg/kg. The trial 
drug was administered intravenously at the time 
of. the sternal skin incision (approximately 
5 minutes prior to sternotomy). 

The electrocardiogram (ECG), heart rate 
(HR), arterial and central venous pressur2 were 
continuously displayed on an oscilloscope and 
hard copy tracings obtained. Relevant haemo- 
dynamic variables were recorded preoperatively 
at the commencement of surgery, on skin 
incision over the sternum, at sternotomy and 
90 seconds later. In addition, the highest arterial 
blood pressure recorded before the commence- 
ment of cardiopulmonary bypass was noted. The 
need for additional agents to adjust circulatory 
haemodynamics (viz. hypotensive or inotropic 
drugs) was noted. 

In a subset of 13 patients (four controls, five 
low dose and four high dose ketanserin patents), 
venous blood samples were taken for assay of 
serum 5-hydroxyindoles (5-H) and platelet 5-HT 
levels. Blood samples were taken under stable 
anaesthesia, immediately after sternotomy 
(when the sternum had been fully distracted) and 
10 minutes later (prior to full heparinsatian). 

Each blood sample (5 ml) was collected in a 
syringe containing | ml of acid-citrate-dextrose 
at room temperature and centrifuged within 2 
hours at 136 g for 20 minutes. A 0.5 ml aliquot of 
the resultant platelet-rich plasma (PRP) was 
added to 0.5 ml of EDTA 0.4 percent and c2ntri- 
fuged at 1800 g for a further 15 minutes The 
supernatant was removed for plasma 5-H] essay. 
The residual ‘button’ of platelets was made up to 
1 ml with distilled water, ‘vortexed’ to lyse the 
platelets and, together with the supernétant, 
immediately frozen in liquid nitrogen and scored 
at —25°C. Aliquots of PRP were analysed for 
platelet count on a coulter counter. Platelet and 
plasma samples were analysed simultaneously 
using the spectrofluorimetric assay of Drum- 


i 
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Table 1. Patient characteristics, mean (SD) 














. Ketanserin 
! Control (10 mg) (20 mg) 
Age (years) 55.3 (10.4) 58.1 (6.1) 57.0 (9.4) 
Weight (kg) 79.1 (8.0) 78.0 (8.0) 75.6 (8.4) 
Body surface area (sq) 1.94 (1.94) 1.92 (0.13) 1.89 (0.15) 
Medication: 
Beta blocker 8/12 10/12 10/12 
Nitrate 9/12 9/12 10/12 
Ca antagonist 10/12 10/12 11/12 


No significant difference between any parameter. 


mond and Gordon.'® Plasma serotonin con- 
centrations are expressed as ng 5-HI/m! and 
platelet serotonin concentration as ng 5-HT/109 
platelets. yy : 

All results reported are expressed as mean 
(standard deviation). Statistical analysis was 
performed with - analysis of variance and 
Student’s t-test, paired .or unpaired as ap- 
propriate. Values of p<0.05 were considered 
statistically significant. 

Results 

The three groups were well matched for age, body 

weight and surface area, pre-operative medica- 
j: p : 


tion and baseline’ haemodynamic variables 
(Table 1). There was no significant difference 
between the three groups with respect to baseline 
HR, mean arterial pressure (MAP) or rate- 
pressure product (RPP) (Table 2). 

There were small but nevertheless statistically 
significant rises in HR in all three groups at 
sternotomy (p<0.01). There was a highly 
significant rise in MAP at sternotomy in the 
control group (p < 0.001), whilst in the ketanserin 
10 mg group the rise was smaller and delayed 
until 90 seconds (p<0.05), and there was no 
significant rise in the ketanserin 20 mg group in 
immediate response to sternotomy. The highest 
pre-bypass MAP occurred at 6.7(3.5) minutes 


l Table 2. Haemodynamic data, mean (SD) 








Ketanserin 
Control 10 mg 20 mg 
HR (beats/minute) 
Stage I 65(8.6) 64( 8.6) 63(7.2) 
Stage II 58(8.8) 55(_ 5.7) 52(6.2) 
. Stage TIT 54(5.6) 55( 7.0) $1(7.3) 
Stage IV 60(7.1)t 5% 6.2)t S1(7.T)t 
Stage V 60(6.9)F 62( 7.0)t 58(7.7)t 
í ‘Stage VI 65(9.1)f 69(10.0)t 6509.1) fF 
MAP (mmHg) 
Stage I 95( 7.5) 95{13.7) 93( 7.5) 
Stage II 85(15.2) 81( 8.4) 80(14.2) 
Stage HI 83( 8.6) 94(14.4) 82(16.6) 
Stage IV 100(10.1)t 89(13.0) 80(17.8) 
Stage V 105(1 1.8) 99(15.6)* 81(22.9) 
Stage VI 113( 9.6)T 124(24.3)t 97(22.3)* 
RPP. 
Stage I 8240(1630) 8300(1860) 7765(1020) 
Stage II 6690(1 560) 6080(1010) $545(1120) 
Stage HI 6165( 990) 6745(1625) 5540(1400) 
Stage IV 8070(1295)t 6995(1415) 5915(1490) 
Stage V 8670(1340)t 8060(1420)* 6130(1925) 
Stage VI 10075(1740)t = 11305¢3150)T 8570(2630)t 


Stage I: pre-op; stage Il; stable anaesthesia; stage II: sternal incision; stage 
IV: sternotomy; stage V: 90 s post-IV; stage VI: highest value pre-bypass. 
*p<0.05 compared to stage HI; tp<0.01 compared to stage HI. 
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Table 3. Haematological data, mean (SD) 


Control 


Platelet count ( x 10°/ml) 


Sample | 0.240(0.04) 
Sample 2 0.220(0.02) 
Sample 3 0.230(0.02) 
Platelet 5-HT (ng/10° platelets) 
Sample | 522(219) 
Sample 2 472(235) 
Sample 3 463(239) 
Plasma 5-HI (ng/ml) 
Sample | 252(230) 
Sample 2 217( 56) 
Sample 3 180( 33) 





Ketanserin 

10 mg 20 mg 
0.230(0.07) 0.210(0.07) 
0.220(0.06) 0.220(0.05) 
0.210(0.03) 0.210(0.04) 
272( 70) 434( 95) 
310(121) 484(136) 
287( 50) 471(126) 
197(57) 159(52) 
188(38) 169(39) 
188(44) 168(50) 


Sample 1: stable anaesthesia; sample 2: sternal spread; sample 3: sternal 


spread + 10 minutes.. 


No significant difference at any stage. 


post-sternotomy in the control group, at 10.7(5.4) 
minutes in the ketanserin 10 mg group and at 
6.6(4.9) minutes in the ketanserin 20 mg group. 
The highest MAP recorded before bypass was 
significantly greater than at the commencement 
of surgery in all three groups (p<0.001). The 
changes in RPP reflected changes in HR and 
MAP (Table 2). 

In the 13 patients in whom plasma 5-HI and 
platelet 5-HT levels were assayed, the first blood 
sample was taken 16.9(13.0) minutes prior to 
sternotomy, the second 4.6(1.2) minutes follow- 
ing administration of ketanserin or placebo and 
the third 14.6(1.3) minutes after injection. There 
was no significant difference in platelet count 
between the three groups before the commence- 
ment of bypass, and there were no significant 
changes in plasma 5-HI or platelet 5-HT levels in 
any of the three groups at any stage (Table 3). 


Discussion 
In the present study we administered two doses 
(10 mg or 20 mg) of ketanserin, a serotonin 
antagonist, intravenously, shortly before a stan- 
dard surgical stimulus and compared with 
placebo the effect on HR and MAP. We found no 
difference in HR response, with all three groups 
exhibiting small but significant increases. The 
immediate rise in MAP in response to sternotomy 
was delayed by the lower dose of ketanserin and 
prevented by the higher dose. However, in all 
three groups, arterial blood pressure sub- 
sequently continued to rise before bypass. This 


rise was ameliorated but not entirely prevented by 
the higher dose of ketanserin. Rate-pressure 
product is considered to give some indication of 
myocardial oxygen demand,!° and Kaplan has 
recommended that RPP should not be allowed to 
exceed 12000 in patients undergoing coronary 
artery surgery.1° In the present study, RPP ex- 
ceeded 12000 in six patients, but only in one 
patient in the high dose ketanserin group. We 
were unable to demonstrate any correlation 
between plasma or platelet serotonin levels and 
clinical response to ketanserin. Our results did, 
however, show a large degree of variability, which 
makes interpretation difficult. 

Serotonin was first isolated in 1940 by Vittorio 
Erspamer and despite extensive research, its exact 
role in normal arterial blood pressure homeo- 
stasis remains speculative. Serotonin is found 
both peripherally and within the central nervous 
system. Peripherally, serotonin is synthesised 
from dietary tryptophan in the enterochromaffin 
cells of the gut. Serotonin overflowing from these 
cells enters the circulation and is metabolised by 
the liver and endothelial cells. Any serotonin 
escaping hepatic or pulmonary metabolism is 
avidly taken up by platelets and released during 
platelet aggregation or damage. Thus, platelets 
contain nearly all of the circulating serotonin, 
which is sequestered in specialised granules. Two 
distinct serotonin receptor sites have been 
proposed, S, and S,.-Binding of serotonin to the 
S, receptor correlates well with pharmacological 
effect of the amine. In healthy individuals, 
serotonin appears to play little part in the 


maintenance of cardiovascular homeostasis. 
However, in patients with atherosclerosis, specific 
increases in responsiveness of the blood vessel 
wall to the vasoconstrictor properties of 
serotonin may occur. In addition, serotonin 
enhances the vasoconstrictor properties of other 
agents such as the catecholamines. The hyper- 
tensive episodes seen in patients undergoing 
coronary artery surgery are known to be due to 
increases in peripheral vascular resistance rather 
than to increases in cardiac output. If serotonin 
does play a role in the maintenance of this aug- 
mented peripheral resistance, serotonergic 
antagonists may be expected to lower arterial 
blood pressure. 

Ketanserin is a selective antagonist at the S, 
receptor in blood vessels, bronchial tissue and 
platelets, antagonising serotonin-induced vaso- 
constriction, bronchoconstriction and platelet 
aggregation. In addition, it, has weak anti- 
histaminic and anti-adrenergic activity and also 
inhibits the amplification by serotonin of vaso- 
constriction and platelet aggregation caused by 
other vaso-active agents such as adrenaline, 
noradrenaline and angiotensin II. Ketanserin has 
been previously shown to be effective in the treat- 
ment of per- and postoperative hypertension, 
including the hypertension following coronary 
artery surgery.’7-?° Although it is not yet clear 
whether the antivasoconstrictor effect is solely 
due to S, blockade, the possibility exists that 
ketanserin reduces blood pressure by a combina- 
tion of S, receptor blockade and alpha-! 
adrenoceptor blockade. 

In the present study, the platelet counts in all 
three groups were comparable but, despite this, 
the intraplatelet serotonin levels adjusted for 
platelet count were very variable within each 
group and showed no consistent change in re- 
sponse to sternotomy. The degree of within-group 
plasma 5-HI variability was similar to that found 
with the platelet 5-HT levels and again showed no 
consistent change in response to sternotomy. It 
should be pointed out that the spectrofluori- 
metric assay is not specific for 5-HT and will 
measure all 5-HI’s present in the sample. Caution 
must therefore be exercised in the interpretation 
of the plasma values. However, it is thought that 
all of the contents of the platelet 5-HI stores 
is 5~HT, and the assay is thus accurate for intra- 
platelet serotonin. The values obtained for 
platelet serotonin are at the lower end of the 
normal range of 300-980 ng/10° platelets 
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established by our laboratory, but the levels are in 
agreement with those of others?!’ but they 
differed from those of Anger and Prys-Roberts.?* 
It should be noted that the latter speculated that 
their sampling, preparation and handling tech- 
niques may have differed from those of previous 
workers. Conversely, the values obtained for 
plasma 5-Hs are in excess of the upper limit of 
the normal range of 0-160 ng/ml established by 
our laboratory.23 The lack of correlation of 
platelet serotonin levels with ketanserin dose or 
clinical response strongly suggests that the 
effectivenzss of the higher dose of ketanserin was 
due to an action at a site other than at the S, 
receptor. Anger, Carter, and Prys-Roberts,?> by 
performing phenylephrine dose-response curves, 
demonstrated an anti-adrenergic action of 
ketanserin and this would certainly explain some 
of our findings. The observation of Ahtee and 
Saarnivaara?® that certain narcotics, including 
pethidine and its derivatives (of which pheno- 
peridine is one), can inhibit platelet uptake of 5- 
HT, may be an additional influencing factor. 

In conclusion, this study demonstrated a dose- 
related effect of ketanserin in ameliorating the 
hypertensive response to sternotomy, but failed 
to show aclear correlation with plasma or platelet 
serotonin levels. The increased efficacy of the 
higher dose of ketanserin may be the result of 
blockade of the alpha-adrenoceptor rather than 
antagonism of serotonin. 
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CASE REPORT 


Ventricular volume and ejection fraction in the diagnosis of 
the aetiology of low cardiac output in 
burned patients 


J. A.J. MARTYN, K. McKUSICK, H. W. STRAUSS anp J. F. BURKE 


Summary 


Cardiovascular instability following burns may result from either cardiac or non-cardiac causes. We 
illustrate three cases in whom routine measurements of atrial filling pressures and cardiac output alone did 
not reflect the adequacy of blood volume or the myocardial performance. In each instance, measurements 
of ventricular volume and ejection fraction by thermodilution technique or 9°™TC ventriculography were 


useful to determine the actual causes of decreased cardiac output. 


Key words 
Heart, output, ventricles. 
Intensive care. 


Cardiac instability in burned patients can 
result from hypovolaemia, burn-induced direct 
myocardial depression, or sepsis.1 The secondary 
effects of therapy with positive end expiratory 
pressure (PEEP)? and drugs, particularly anaes- 
thetics? can further aggravate cardiovascular 
instability. Measures most commonly used to 
assess the adequacy of cardiovascular function, 
i.e., urine output, central venous (CVP) and pul- 
monary capillary wedge pressures (PWP), and 
cardiac index (CI) may be inadequate in certain 
critically ill patients.* For example, assessment of 
cardiac function by filling pressures can be mis- 
leading when airway pressure is increased, 
as with PEEP? or when ventricular com- 
pliance is altered because of hypertrophy, 
pericardial effusion, or drugs.>~* Under these 





circumstances, increased filling pressures can be 
found in the presence of hypovolaemia and 
normal myocardial contractility. This can lead to 
an erroneous conclusion about the cause of the 
cardiovascular instability. 

Ventricular volume and ejection fraction can 
be monitored at the bedside of critically ill 
patients by the thermodilution technique,** 
or by gated blood pool imaging,® and can en- 
hance the assessment of cardiovascular function. 
While the former technique requires the 
modification of the flow directed pulmonary 
artery (PA) catheter, the latter technique requires 
the assistance and expertise of the radiologists. 
The accuracy and reproducibility of these 
measurements has been confirmed. S We 
describe three clinical cases in whom filling 
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pressures and CI measurements alone werz 
misleading in the assessment of cardiac function, 
while knowledge of ventricular volumes and 
ejection fraction by either method helped identify 
the cause of reduced cardiac output. 


Methods 


The technique of thermodilution right ventricular 
volume (RVV) measurements has been described 
previously.*-> The proximal port of the triple 
lumen, flow-directed PA catheter was modified to 
allow the injection of iced saline directly into the 
right ventricle (RV) instead of the right atrium. 
The washout of cold saline from the RV was 
detected in the PA by a rapid sensing thermistor. 
The downslope of the thermal washout curve was 
characterised by a series of successive diastolic 
plateaux, corresponding to cardiac ejection. The 
ratio of the end-diastolic plateaux was used of 
calculate RVVrp and RVEFyp.*5 The normal 
mean (SD) of RVVrp and RVEFrm are 98 
(SD 23) ml/sq m and 0.43 (SD 0.05) respectively. 

Radionucleide ventriculography was per- 
formed following a bolus injection of 740 milli- 
becquerels (= 20 millicurie) of technetium — 99m 
(°9™TC) labelled red blood cells, labelled using a 
modified method of Callahan et al.° Using a mobiie 
scintillation camera, equipped with an all- 
purpose parallel hole collimator and interfaced to 
a computer (Technicare 550), all data were 
collected in a 64 x 64 format at a minimum of 16 
frames/cardiac cycle. The 9°™TC right ventricular 
ejection fraction (RVVrc) was calculated from a 
first pass gated acquisition in a 30° right anterior 
oblique projection;® a normal ejection fraction 
using this technique would be 0.6 (SD 0.07). 
Gated equilibrium data were obtained from 
anterior and left anterior oblique projections, 
with a count density of 250 over the left ventricle. 


Case histories 


Case 1: Pericardial tamponade confused with heart 
failure 


A 45-year-old male developed myoglobinaemic 
renal failure following severe electrical injury and 
was on haemodialysis. About 40 days after the 
burn, he developed gradual respiratory distress 
and required mechanical ventilation with PEEP. 
Chest X ray revealed massive cardiomegaly with 
bilateral pulmonary oedema. On the 52nd day 


after the burn, he suddenly became hypotensive, 
requiring dopamine to maintain his systemic 
blood pressure. A modified PA catheter*:* and an 
intra-arterial cannula were inserted. His 
temperature was 36.7°C, and blood pressure and 
heart rate on 400 yg/minute of dopamire were 
130/73 mmHg and 83 beats/minute respectively. 
On Fio, 0.4 with mechanical ventilation and 
0.5 kPa PEEP, the arterial and mixed venous 
blood gases were Pao, 13.7 kPa, Paco, 
5.7 kPa, pH 7.32 and PVo, 6.7 kPa, PVco, 
6.3 kPa, pH 7.29. The PA pressure was 40/26, 
with a PWP and CVP of 22 and 23 mmHg, 
respectively. The CI was 2.8 l/minute/sq m. 
Analysis of RV end-diastolic pressure, PA 
diastolic pressure, and PWP contours to 
detect cardiac tamponade was difficult because 
of marked fluctuations in these pressures with 
ventilation. The high PWP and relatively low CI 
for a burned patient were suggestive of global 
cardiac failure. 

The RVVrp, however, was normal (78 
ml/sqm)and RVEF 7p high normal (0.64), [pormal 
RVV- = 98 (SD 23) ml/sq m and RVEF yp = 0.43 
(SD 0.5)].5 Thus, the finding of a normal RV 
volume with high RVEF was incompatible with 
a diagnosis of heart failure. A technically cifficult 
echocardiogram suggested posterior pericardial 
and left pleural effusions. Because the echo study 
was inconclusive, a 9°™TC radionucleice ven- 
triculogram was obtained. The right heert first 
pass study showed a normal-sized right ventricle 
and no reflux with an RVEEtc of 0.66. The 
left ventricular ejection fraction by °°"TC was 
(LVEF yc) elevatedat0.78 and theleft ventricleend- 
diastolic volume was small. A massive photon 
deficient area surrounded the heart, indicetive of 
massive pericardial effusion. Findings suggestive 
of bilateral pleural effusion were also present. 
(The pericardial and pleural fluid cannot freely 
mix with radiolabelled red cells and therefore do 
not become photon emitters; these thzrefore 
appear as photon deficient areas.) 

On the basis of these results, a diagnosis was 
made of pericardial tamponade with bilateral 
pulmonary effusions due to increased hydrostatic 
pressure of the left ventricle and uraemia. At 
pericardiocentesis, 600 ml of serosanguineous 
fluid were withdrawn. Immediately after 
pericardiocentesis, CVP and PWP decreased to 
10-15 mmHg, and CI improved to 3.3 1/minute/ 
sq m, confirming that the decreased CI and 
increased filling pressures were due to cardiac 


tamponade. The patient was discharged to a 
hospital closer to his home for continued 
haemodialysis. 


Case 2: Cardiac failure and permeability 


pulmonary oedema 


A 35-year-old female sustained an 80 percent 
burn with severe inhalation injury. On the third 
day after the burn, she was hypertensive and in 
severe respiratory failure, requiring an Fio, 0.6 
and PEEP of 1.5 kPa to maintain Pao, over 
9.3 kPa. Chest X ray revealed bilateral pul- 
monary oedema. In addition, she was oliguric and 
had a positive toluidine test for myoglobinaemia. 
Blood urea nitrogen was 17 mmol/litre urea 
and serum creatinine was 304 umol /litre. Low dose 
dopamine (100 ug) did not significantly improve 
her urine output. Systematic arterial and central 
venous pressures were 185/86 and 14 mmHg, re- 
spectively, and the heart rate was 140 beats/ 
minute. Because she was dependent on PEEP, 
CVP could not be measured at zero PEEP, so it 
was impossible to determine the contribution of 
increased airway pressure to the measured 
increase in CVP. Because of the timing of the 
injury, pulmonary oedema could have been caused 
by volume overload resulting from fluid mobilisa- 
tion, particularly in the absence of renal function, 
or by inhalation injury. Following insertion of a 
modified PA catheter, the CI was measured to be 
3.44 1/minute/ sq m, the PA pressure 24/14 mmHg, 
and PWP 15 mmHg. Calculation of RVVip 
showed a low volume (58 ml/sq m) and 
RVEF yp of 0.55. Radionucleide ventriculography 
showed the ejection fractions to be 0.63 with low 
biventricular volumes. 

The increased biventricular ejection fractions 
with low ventricular volumes suggested the 
presence of volume depletion. Thus, pulmonary 
oedema was not due to left ventricular failure, but 
was caused by inhalation injury. The PWP was 
maintained at about 15 mmHg and renal function 
was facilitated by peritoneal dialysis and low dose 
dopamine. Hypertension, even in the presence of 
hypovolaemia, is not uncommon and is probably 
caused by humoral factors. Eventually, this 
patient’s renal and pulmonary function returned 
to normal and she was discharged home follow- 
ing healing of the burn wound. 
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Case 3: ‘Differentiation of isolated right ventricular 
` from biventricular failure 


An 81-year-old male had sustained a 30 percent 
burn in a house fire. The patient was on digoxin 
for a past history of congestive heart failure and 
had chronic renal failure with a creatinine of 
152 u mol/litre. On the ninth day after the burn, 
he was in a respiratory failure, requiring mechan- 
ical ventilation with 2.0 kPa PEEP and Fio, 0.6. 
Chest X ray showed a very enlarged heart with 
bilateral pulmonary oedema. The heart rate was 
88 beats/minute. The systemic and PA pressures 
were 108/70 and 60/30 mmHg respectively, with a 
PWP and CVP of 22 and 18 mmHg respectively. 
The arterial and venous blood gases were 
Pao, 13.7 kPa, Paco, 5.5 kPa, pH 7.44 and 
Pvo, 4.9 kPa, P¥co, 6.1 kPa, and pH 7.41. The 
CI was 2.01/minute/sq m with a RVVrp of 141 
ml/sq m and RVEF 7p of 0.15. It was unclear how 
much of the increased PWP and low CI was due to 
increased airway pressure (PEEP).? The pos- 
sibility of an enlarged right ventricle as a cause for 
the rise in PWP was considered: an enlarged right 
ventricle can encroach on the left ventricular wall, 
altering pressure-volume relationships.* 

An radionuclide ventriculogram showed 
biventricular dilation with global hypokinesis. 
The LVEFrc was 0.18 and the RVEF rc 0.16, 
indicating biventricular global dysfunction. The 
patient was started on dopamine, while the CI 
and RVEF;p were monitored. The dose of 
dopamine was gradually increased until the CI 
and RVEF ‘rp stabilised at 3.21/minute/sq m and 
0.22 respectively at a dopamine infusion rate 
of 600 ug/minute. A few days later, however, he 
developed a myocardial infarction and died. 


Discussion 
The classical measurements of cardiac function, 
namely atrial filling pressures and cardiac and 
urine output, are not always reliable in 
distinguishing between inadequate blood (cir- 
culating) volume and inadequate myocardial 
function as the causes of low cardiac output in 
burned patients. In Case 1, although the clinical 
evidence suggested pericardial effusion, a 
definitive diagnosis was made only after radio- 
nuclide ventriculography. Thus, in the first case, 
the increased atrial filling pressure was caused by 
elevated pericardial and pleural pressures. In 
Case 2, the findings of systemic hypertension, 
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elevated PWP and bilateral pulmonary oedema 
suggested volume overload. However, because of 
the associated renal dysfunction, it was important 
to determine whether the cause of the patient’s 
oliguria was prerenal. This patient was extremely 
PEEP-dependent, so the assessment_of volume 
status (preload) and myocardial function by 
filling pressures and CI was impossible. There- 
fore, an estimate of the ventricular volume and 
ejection fraction was obtained. Since the ven- 
tricular volumes were small and the contractions 
hyperdynamic, we concluded that the pulmonary 
oedema was due to the increased permeability of 
inhalation injury, not left ventricular failure due 
to volume overload. An intense sympathetic 
response might explain the hyperdynamic bi- 
ventricular function observed in this patient. 

The massive cardiomegaly and PWP of 
22 mmHg in Case 3 were compatible with both 
pericardial effusion and heart failure. Because 
there was no equalisation of PWP and CVP, 
pericardial effusion was unlikely. Ventriculo- 
graphy confirmed the diagnosis of heart failure. 
Repeated bedside thermodilution measurements 
of ventricular volume and ejection fraction were 
useful in monitoring cardiovascular response to 
increasing doses of dopamine. 

Cardiac function is dependent on filling 
volume, contractile state and resistance to 
ejection of the ventricle. Certain assumptions are 
made when using PWP as a guide to blood 
volume and ventricular function, namely 
PWP = left atrial pressure, left atrial pressure = 
left ventricular end diastolic pressure, and left 
ventricular end diastolic pressure=K (a 
constant) x left ventricular and diastolic volume. 
These assumptions may not apply in certain 
critically ill patients, when there is an increased 
intrathoracic pressure (as with PEEP) in valvular 
heart disease, or when the compliance of the 
ventricle is changed as a consequence of hyper- 
trophy, disease, or drugs.™5 Therefore, serious 
errors in judging ventricular performance can 
occur when filling pressures are used, even in 
combination with CI. The studies of Shah et al.1? 
and Martyn et al.,* in which a poor correlation 
was shown between PWP and CI, are consistent 
with this view. Thus, as illustrated in these three 
cases, in certain clinical situations, inappropriate 
therapy may result if one uses PWP and/or CI as 
a guide to blood volume or ventricular function. 
On the other hand, ventricular volume and 
ejection fraction measured by thermodilution or 


“99™TC provide useful information on both 


volume and global and regional contraction of the 
myocardium. These latter tools not only aid in the 
diagnosis, but help one to assess and to monitor 
the efficacy of therapeutic intervention. 

The principle of the indicator dilution 
technique for the measurement of ventricular 
volume and ejection fraction has been described 
previously.'!3 Making use of this principle, we 
modified the conventional PA catheter in order to 
measure both RVV and RVEF by thermodilu- 
tion.*5 Recent studies have compared RVEF rp 
and RVEF ‘rc, and found a correlation (r = 0.86) 
between the two techniques’**. In cases 1 and 3, 
the RVEF rp was very close to the RVEF rc and in 
Case 2, the marked tachycardia may have 
contributed to the small discrepancy. At pulse 
rates of over 140 beats/minute, the response time 
of the thermistor may have been at the upper limit 
of its range, causing the discrepancy. 

There are several advantages to using thermo- 
dilution for the measurement of RV volume and 
ejection fraction. It is a bedside procedure, it can 
be performed repeatedly without limitation and 
it is simple to calculate. Thus, it is useful not only 
in diagnosing the aetiology of cardiovascular 
instability, but also assessing the efficacy of 
therapy. Unfortunately, this technique does not 
enable the evaluation of left ventricular function. 
The appeal of the gated blood pool scan is that it 
is non-invasive, carries negligible risk for the 
patient and yields information about both right 
and left ventricles. Furthermore, it can be 
performed at the bedside even in the most sick 
patients, providing information on global as well 
as regional function that previously has been 
difficult, if not impossible, to obtain by contrast 
angiography. Echocardiography was attempted 
in two patients. However, insufficient informa- 
tion was derived from this procedure because of 
technical difficulties inherent in the burn patient, 
(e.g. dressings). 

In conclusion, these three cases illustrate that 
the measurement of ventricular volume and 
ejection fraction either by thermodilution or by 
ventriculography may provide additional, useful 
tools for the management of critically ill patients, 
giving more accurate estimates of the filling and 
contractile state of the heart. 
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APPARATUS 


A portable oxygen generator 


L. W. HALL, R. E. B. KELLAGHER anp K. J, FLEET 


Summary 


The use of a portable generator which liberates oxygen from hydrogen peroxide solutions has been 
investigated in veterinary anaesthesia to assess its potential as an alternative to conventional oxygen 
supplies both in emergency situations and in the event of failure of cylinder systems. The reliability of the 
supply appears to be good and the operation of the generator simple, making it suitable for a number of 
potential uses. It should compare favourably with oxygen concentrator devices used for similar purposes. 


Key words 
Oxygen; preparation, delivery systems. 


There are circumstances where obtaining oxygen 
from heavy, bulky containers is inconvenient or 
impossible and for many years there has been 
considerable interest in alternative sources of 
supply.' More recently, interest has been revived 
because of the special needs of the developing 
countries? and military campaigns.* The oxygen 
concentrator using a molecular sieve of zeolite 
has been developed to meet these needs, but 
unreliability may have limited its widespread 
use,* although there are indications that these 
machines have improved.’ An oxygen generator 
system requiring only electrical power and 
hydrogen peroxide solution as fuel may provide 
an alternative, reliable, source of oxygen 
for many applications. This paper describes the 
principles of operation, specification and per- 
formance of a portable oxygen generator which 
has undergone preliminary trials in veterinary 


anaesthesia and its potentia: application in 
other fields is discussed. 


Principle of operation 


The principle on which this oxygen generator 
works has been known for a very long time. A 
solution of hydrogen peroxide ‘fuel’ is dissociated 
into oxygen and water, accompanied by an 
exothermic reaction according to the equation 


H,0,7H,O + 1/2 O, + 98 kJ/mole H,C, 


Johnson Matthey Chemicals Ltd., Equipment 
Division (JMC) have recently produced an 
oxygen generator which uses a precious metal 
catalyst to promote the dissociation of the “uel. 
A control mechanism® regulates fuel con- 
sumption and liberates oxygen at a set pressure of 
28 kPa. If oxygen consumption ceases or produc- 
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tion exceeds usage, the fuel supply automatically 
stops when the oxygen pressure reaches 56 kPa; 
a further safety valve is incorporated at 84 kPa. 
Oxygen consumption restarts the flow of fuel to 
the reaction chamber. As the release of oxygen is 
exothermic, the generated gas has to be cooled. 
To dissipate the heat by use of cooling fins or any 
form of heat-exchanger, using natural draught 
cooling, would add greatly to the complexity, 
bulk and weight of the apparatus. For these 
reasons, the generator is cooled by a forced 
draught system provided by a low-powered, 
electrically-driven fan. Pure oxygen mixed with 
water vapour is generated and although drying of 
the gas only presents problems at flows of above 
about 5 litres/minute, a molecular sieve is used to 
dry it before it passes through any flowmeter. 

The strong (35 percent w/w) technical grade 
solution of hydrogen peroxide used as fuel 
yields 130 litres of oxygen/litre of solution. It is 
very- widely used as a bleaching agent and in 
pulping processes and is obtainable throughout 
the world. This fuel is safe to handle in bulk and 
is easily transported, preferably in containers 
which do not need to be returnable. It can be most 
unpleasant if splashed on the skin or into the eyes 
and ways of filling the fuel tank which do not 
carry the risk of such splashing entail the use of 
closed containers and a suitably designed filling 
system. 

For oxygen enrichment of air used in draw- 
over anaesthetic systems, a 500-ml capacity 
reservoir tube is incorporated with an isolator 
valve inside the casing of the generator (Fig. 1). 


Purity of the oxygen and composition of 
waste products 


Analysis of the oxygen delivered from the 
generator indicates that it is more than 99 percent 
(v/v) pure and thus should meet the standards 
for oxygen BP. The waste product from the 
generator is water which, while not pure, contains 
only the stabilisers from the technical grade 
hydrogen peroxide. These impart a faint smell to 
the waste water but they are non-toxic. 


Operation of the generator 


The preparation of the apparatus for use is 
extremely simple. The oxygen drier is checked 
and if the indicator incorporated in the molecular 
sieve indicates that its absorbent capacity is 
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tap —> Outlet 
Heat 
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tap Air filter 


Air 
Waste water 


Fig. 1. Diagram showing the main components of the 
oxygen generator system. 


exhausted. the sieve is changed. (This has not 
proved to be necessary in over 200 hours of use). 
The level of fuel in the tank is observed and the 
tank is replenished as required. The water level in 
the waste tank is noted, any present is drained off 
and the apparatus is connected to a source of 
electrical power. Switching on the power opens 
the fuel sclenoid valve, oxygen generation starts 
and an adequate supply pressure is achieved 
within a few seconds. An audible signal sounds 
until the operating pressure is reached and when 
this ceases oxygen flows of up to 5 litres/minute 
may be drawn off. The audible warning may also 
sound when the fuel level is too low, or if the water 
level is too high. Waste water can be drained from 
the apparatus at any time while oxygen is being 
generated, but replenishing the fuel tank is only 
possible by temporarily interrupting the oxygen 
supply. Ta stop operation the power is switched 
off and the oxygen flow control turned off once 
the system has vented. 


Trials in veterinary anaesthesia 


Oxygen from the apparatus has been used to 
enrich air in a drawover system, as the total gas 
flow in T-piece systems and to volatilize agents 
from vaporizers placed outside the breathing 
system for low-flow absorption techniques. In the 
drawover system using an Oxford Miniature 
vaporizer, self-inflating bag and Ambu non- 
rebreathing valve, an oxygen flow of 1 litre/ 


518 L.W. Hall, R.E.B. Kellagher and K.J. Fleet 


minute has provided sufficient enrichment of the 
air to guarantee very satisfactory oxygenation in 
spontaneously breathing dogs of over 15 kg 
bodyweight. Arterial oxygen tension has never 
been found to be less than 26 kPa. At a flow of 
1 litre/minute, one fuel tank of peroxide provided 
some 5.5-6 hours supply of oxygen. Using a T- 
piece system with flows of up to 2 litres/minute 
for cats and small dogs, one tank full of fuel was 
sufficient for about 2.5 hours of anaesthesia. 

The apparatus proved to be both reliable and 
trouble-free. In providing more than 200 hours of 
anaesthesia, it required no attention other than 
draining of the waste water and filling the fuel 
tank; care had to be taken to avoid splashing the 
strong hydrogen peroxide on to the skin, clothing 
or into the eyes. 


Potential use 


The JMC portable oxygen generator was 
designed particularly for use in veterinary 
anaesthesia but other applications can be readily 
envisaged. In domiciliary practice its use would 
eliminate the problems associated with cylinder 
changing and supply in long term oxygen 
therapy. It is also simpler to operate and less 
hazardous than systems using pressurised 
cylinders. The generator could be used ex- 
tensively by the medical services of the armed 
forces (and might well have been extremely 
valuable in the Falklands campaign), since the 
transport of the hydrogen peroxide in tanks or 
disposable containers is a simple, relatively safe 
procedure compared with the transport of 
compressed gases. An oxygen generator is a 
potential source of oxygen in rescue helicopters, 
ambulances and at major disasters. 

The apparatus is easily transported and light 
enough to be carried by an ordinary man 
or woman for relatively long distances. Although 
all the prototype generators have run off the 
mains supply of electricity or from a car battery, 
the cooling fan does not require much power and 
there is no reason why the unit could not function 
for many hours running off a small rechargeable 
battery or a battery pack. Even the fuel could be 
transported in the fuel tank and thus, on an emer- 
gency call, all that need be taken would be the 


apparatus itself with a breathing system and, for 
inhalation anaesthesia, a vaporizer. 

In more sophisticated centres it could provide 
oxygen supplies to areas without a p:peline 
system supply or during pipeline servicing. Scal- 
ing up and deliveries of hydrogen peroxide by 
bulk tanker may provide an oxygen source for 
pipeline systems for the oxygen supply pressure 
can be increased. In use, the oxygen generator 
using hydrogen peroxide as a source of cxygen 
seems to compare favourably with the oxygen 
concentrator. The oxygen concentrator has 
the disadvantage of requiring maintenance 
and the people most likely to need the oxygen 
would seem to be those most unlikely to be 
capable, or willing, to attend to this essential 
matter. The oxygen generator needs ver» little 
attention—the only moving part is the cooling 
fan and this should need no more attention than 
an ordinary domestic kitchen extractor fan. 


Conclusions 


The JMC oxygen generator appears to be capable 
of providing oxygen enrichment of air for draw- 
over anaesthetic systems, or pure oxygen for 
other applications, in a reliable manner whenever 
and wherever supplies of hydrogen peroxide and 
electrical power are available. It requirzs the 
minimum of maintenance and is very sintple to 
operate. 
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APPARATUS 


Selective bronchial intubation for one lung anaesthesia 
in thoracic surgery 


A new method 


S. NAZARI, R. TRAZZI, F. MONCALVO, A. ZONTA and M. CAMPANI 


Summary 


A new method for one lung anaesthesia in thoracic surgery is described. Separate lung ventilation is obtained 
with selective main bronchus intubation, by means of an appropriate cuffed tube inserted through a standard 
orotracheal tube. Ventilation is carried out separately through the bronchial tube on one side and the 
residual tracheal tube lumen on the other side. This method greatly simplifies the technique of bronchial 


intubation and offers many advantages over commercially available double-lumen tubes. 


Key words 
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Anaesthesia, thoracic. 


Anaesthesia in thoracic surgery is commonly 
carried out with the aid of double-lumen tracheo- 
bronchial tubes,!7 12 in order to obtain selective 
exclusion of one lung. Separate ventilation 
has several important purposes: to prevent 
postural contralateral bronchial flooding with 
blood and/or secretions from the manipulated 
lung in the operative field, to allow ‘open 
bronchus’ surgery and to make surgical 
manoeuvres on the operative field easier by 
collapsing or inflating the exposed lung. 
Commercially -available double-lumen 
tubes actually allow separation of the two lungs 
but occasionally they are difficult to position 
and serious complications have been repor- 
ted.*:13-!5 The purpose of this paper is to 
describe a new method for selective bronchial 
intubation recently set up in our department and 





evaluated in patients undergoing pneumonec- 
tomy for lung cancer. 


Apparatus and methods 


Separate ventilation is achieved by means of an 
appropriate cuffed bronchial tube, whose tip is 
positioned in a main bronchus by passing it 
through a standard orotracheal tube (Fig. 1). The 
tubes assembled in this way make up two 
independent channels (Fig. 2) each in com- 
munication with one of the main bronchi. Ven- 
tilation is then carried out separately through the 
bronchial tube on one side and the residual 
tracheal tube lumen on the other side. 

Figure 2 shows a schematic section of the 
bronchial and tracheal tubes assembled for use. 
The bronchial tube is not exactly co-axial to the 
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“To the respirator 





Fig. 1. Schematic representation of the positioned 
device. A Y-shaped pipe connects the two channels to 
the ventilator. 


tracheal tube, but can move freely in the main 
lumen; nevertheless, the total section of the outer 
channel is always constant. The size of the tubes 
are such that they supply two channels with 
similar air flow resistance; this allows the anaes- 
thetic gases to be delivered through a Y-shaped 
pipe connected to both channels, supplying the 
same flow in the two lungs when they are both 
being ventilated. 

Figure 3 shows the bronchial tubes for right 
and left main bronchus intubation*. Both tubes 
are fitted with a movable plastic ring (Fig. 3) 
that allows variable reciprocal positioning 
of the two tubes and acts as an external 
airtight connexion. An opening in the connector 
allows the introduction of a small suction 
catheter in the outer tracheal channel (Fig. 2C). 
The distal end of the right bronchial tube 
is fitted with a side branch originating im- 





Fig. 3. The bronchial tubes for intubation of the left 
(a) and the right (b) main bronchus (@), the lateral 
branch will be engaged in the right upper lobe bronchus. 
Thus, advancement of the tube will stop before its cuff 
obstructs the origin of the upper lobe bronchus (see 
intubation technique). (A), Movable ring Zor the 
external airtight connection between the two tudes. (c), 
External connexion between the two tubes. 


mediately after the cuff, forming a 45” angle 
with the major axis of the tube (Fig. 3b). When 
the tube is in place, this branch engages in the 
right upper lobe bronchus; in this way, advance- 
ment of the tube is stopped before its inflated cuff 
obstructs the origin of the right upper lobe 
bronchus (see intubation technique). 

Two sets of tubes were manufactured and 
tested. The first set was associated with a low 
resistance to gas flow. It consisted of a standard 
10 mm ID tracheal tube (external diameter 14 
mm) and a cuffed tube of 5.5 mm ID and 7.4 mm 
external diameter for selective bronchial mtuba- 
tion. The second set had a higher resistance 
to gas flow and consisted of a 9 mm ID standard 
tracheal tube and a 5 mm ID, 6.8 mm external 
diameter, cuffed tube for bronchial intubation. 

The resistance to flow in the whole isolated 
system as well as in each of the two channels 
separately was determined with an Engström 





Fig. 2. Schematic section of the two tubes assembled for 

use. (A) and (B) the connectors for ventilation of the 

tracheal and bronchial channels. (C) the entrance for 

the suction catheter of the tracheal channel. (D) mov- 

able ring for the external airtight connexion between 
the tubes. 


*Bronchial tubes are available from Pusic, P.O. Box 99, 
27100 Pavia, Italy. 


ventilator system model 300 ER 321 and a 
Medishield RM 121 spirometer. This technique 
of bronchial intubation has been used in 21 
patients undergoing pneumonectomy for lung 
cancer (7 right, 14 left). 


Intubation technique 


Although the tubes can be positioned in several 
ways, our own experience suggests the following 
technique. The tracheal tube is inserted deep into 
the trachea using the standard technique; its inner 
surface is adequately lubricated with vaseline. 
After ventilation of the lungs, the lubricated and 
properly oriented bronchial tube (Fig. 4) is 
inserted into the main tracheal tube and advanced 
as in Fig. 4a. 

A special mark on the bronchial tube denotes 
that the tip of the tube and its cuff have emerged 
from the tracheal tube (Fig. 4b). For right 
bronchus intubation, the properly orientated tube 
is again pushed down for a further few cm, until 
an increase in resistance indicates that the correct 
position has been reached, with engagement of 
the lateral branch in the right upper lobe. In this 
way bronchial tube advancement is stopped 
before its cuff obstructs the origin of the upper 
right lobar bronchus. 

The bronchial tube usually enters the right 
main bronchus with no need for guidance, due to 
its less acute angulation from the tracheal axis. 
To intubate the left main bronchus, when the tip 
of the bronchial tube has reached the trachea, a 
guide is inserted (Fig 5a). The tube is then pushed 
down, properly orientated, for a few cm (Fig. 5b) 
and the guide withdrawn (Fig. 5c). The tubes are 
then fixed with the external movable plastic ring, 
which firmly maintains the position of the 
bronchial tube (Fig. 3c). The site of the bron- 
chial tube can be checked by directly testing 
the effects of alternate selective exclusion of each 


' of the tubes on the lungs by the usual methods 


(auscultation, measurement of exhaled air flow, 
etc.). 

Bronchial intubation may also be carried out 
during surgery, when the patient is in the lateral 
decubitus position. In this event, the proper 
positioning of the tube can be directly controlled 
by examining the lung in the operative field 
(Fig. 6). Of course, in this instance, the contra- 
lateral lung is not protected from bronchial 
flooding until the bronchial tube is in place. 
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Fig. 4. Suggested method of intubation of the right 
main bronchus. After having deeply positioned the 
tracheal tube and ventilated the patient’s lungs, the 
bronchial tube, well lubricated, is inserted (a) and 
pushed down into the main tube. Attention should be 
paid to maintaining the proper orientation of the 
bronchial tube during insertion. A sudden drop in the 
resistance to advancement of the bronchial tube and a 
special external ink mark, indicate that the distal 
extremity of the tube and its cuff have come out of the 
tracheal tube. Keeping the bronchial tube firmly 
directed it is pushed for a further few cm, until 
advancement is stopped by engagement of the lateral 
branch in the upper lobe bronchus. This denotes the 
correct position of the tube, avoiding obstruction of the 
origin of the right upper lobe bronchus. The cuff is then 
inflated (d) and the tubes are externally connected by 
means of the movable ring, which slides along the 
bronchial tube, keeping it firmly in position. 


Results 


The results of air flow and resistance deter- 
minations showed similar values in both channels 
(Fig. 7). In the 21 patients in which this technique 
has been used, arterial blood gas analysis has 
been carried out before, during and after one lung 
anaesthesia. Fio, and gas flow were ad- 
justed,®1®—18 in order to maintain adequate 
arterialisation of venous blood (Pao, > 10.7 kPa; 
Paco, <4.0 kPa). This was achieved in all cases 
during one lung ventilation with a tidal volume of 
7 ml/kg body weight. (SD 0.7) respiratory rate 20 
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Fig. 5. Suggested method of intubation of the left main 
bronchus. Working as shown in Fig. 4, the appropriate 
bronchial tube is inserted until its tip has emerged from 
the tracheal tube. A guide is then inserted (a) and the 
properly directed tube is pushed down for a few 
centimetres (b). The guide is then withdrawn, the cuff 
inflated (c) aud the tubes are externally connected as 
shown in Fig. 4. 


breaths/minute at an Fo, of 0.4 (SD 0.05). 
Whenever possible (17 cases), the surgeon was 
requested to clamp the main pulmonary artery 
before excluding the lung from ventilation, in 
order to eliminate the resulting right to left shunt. 
In seven patients undergoing right pneumonec- 
tomy, the left main bronchus was intubated, 
whereas in 14 patients undergoing left pneu- 
monectomy, the bronchial tube was introduced 
into the right main bronchus. 


No 


In the first three cases of right pneumonec- 
tomy, the first trial of left bronchus intubation 
was made without the use of a guide, by simply 
directing the tip bending of the bronchial tube 
towards the left main bronchus. In all these cases, 
this resulted in the right main bronchus being 
intubated. This is probably due to the low rigidity 
at body temperature of the material employed in 
the manufacture of the tube (PVC-silicone mix- 
ture), which reduced the hardness of the tip and 


‘ 





Fig. 6. Intra-operative bronchial tube position check. Is 
the bronchial tube in the selected bronchus (con- 
tralateral)? Yes: exposed lung deflated and motionless 
during the ventilation through the bronchial tube only. 
The correct ventilation of the contralateral lung is 
demonstrated by normal exhaled gas flow measured by 
the ventilator’s spirometer. No: exposed lung expansion 
during ventilation through the bronchial tube only. 


SN 


10 Pe) 
a 

ry aS 

a 
z x 
£ 
35 i, 
Bt Oe 

La 
miss 3 d aT 
bee Z0 25 3.0 
Biche kPa 


Fig. 7. Resistance of the isolated’ system at different air 
flows. (——), 10 mm ID; (——) 9.0 mm ID; (@), 
bronchial tube; ©), tracheal tube; (O), the whole 
system. Each point is the mean of three determinations 
(SD); the resistances shown.in the graph are the 
maximal values recorded in a single breath (20 
breaths/minute). The measurements were performed in 
the isolated system, so that the subjects’ airway 
resistances were not considered. 


led to bending. The bronchial tube was then 
removed and correctly positioned with the use of 
a guide, as described under Methods (Fig. 5). 
No problems arose with right main bronchus 
intubation; the average duration of apnoea 
during insertion was less than 20 seconds. Visual 
inspection of the operative field allowed fine 
adjustment of the position of the bronchial tube 
and of inflation of its cuff, so that perfect separa- 
tion of the two lungs could be obtained. The 
correct position of the bronchial tube was always 
checked by direct inspection through the cut 
contralateral bronchus, before performing 
mechanical stapling of the divided bronchus. 


Discussion 

One lung anaesthesia was carried out for the first 
time by Gale and Waters in 1932,39 who devised 
and used a curved single-lumen cuffed tube that 
was blindly passed into the left or right main 
bronchus. From that period, many other 
methods of one lung anaesthesia were proposed, 
in an attempt to make the intubation technique 
easier and safer, and to meet anaesthetic and 
surgical needs fully. 

From the technical point of view, the methods 
proposed for separating the two lungs during 
surgery may be summarised as follows:* 
bronchial tubes, bronchial blockers and double- 
lumen tubes (Fig. 8). 

Bronchial tubes.'9~?* This. was the first 
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method employed for one lung anaesthesia. After 
the model devised by Gale and Waters,!9 a 
number of bronchial tubes were designed for left 
or right main bronchus intubation (Machray,?* 
MaclIntosh-Leatherdale,?° Gordon-Green,?! 
Brompton, Rovenstine,!* Magill,?* Pallister??). 

Some of these (Magill, Machray) were inserted 
under bronchoscopic control; the others were 
passed blindly into the selected main bronchus. 
These tubes must be positioned in the main 
bronchus of the healthy lung, and as a con- 
sequence, the ‘surgical’ lung is permanently ex- 
cluded from ventilation while the bronchial tube 
is in place. An advance was achieved by 
fitting the tube with a tracheal cuff; in this way 
deflation of the bronchial cuff converts ventila- 
tion from one to two lungs without the 
need to withdraw the bronchial tube into the 
trachea. !? These tubes allow safe one lung anaes- 
thesia, sealing off the healthy lung. However, 
major disadvantages lie in the fact that blood or 
secretions entering the trachea from the ‘surgical’ 
lung cannot be removed; moreover, the ‘surgical’ 
lung cannot be inflated or deflated depending on 
surgical needs, but is permanently collapsed until 
one lung anaesthesia is stopped. 

A further problem arises when the right main 
bronchus has to be intubated; in fact, due to the 
shortness of this bronchus, the cuff obstruction of 
the upper lobar bronchus is quite frequent.*-® !? 
A specially devised tube (Gordon-Green) could 
prevent this complication, however, although 
upper lobe obstruction is less probable with 
this tube, absolute precision is still needed 
to obtain a complete separation of the two 
lungs. In fact, if the cuff is not exactly positioned 
and properly inflated to ensure contact between 
the cuff and the surface of the bronchial wall all 
around the upper lobar bronchus origin, the two 
lungs are incompletely separated. 

Bronchial blockers.*~7-'?-?5—29 These devices 
were introduced into clinical practice by 
Magill in 1936. They consist of a thin lumen, 
cuffed tube passed, under bronchoscopic control, 
into the main bronchus of the lung to be operated 
upon. The bronchial blocker then lies lateral to a 
standard tracheal tube that provides ventilation 
of the healthy lung (Fig. 8). Thompson?’ 
covered the blocker’s cuff with gauze, to obtain 
more stable contact with the mucosa and to 
prevent overinflation of the cuff. Crafoord?’ 
replaced the cuffed tube with a gauze tampon, 
positioned under bronchoscopic control, into the 
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Fig. 8. The most usual methods of one-lung anaes- 

thesia. Magill (a) and Macintosh-Leatherdale (a^) 

bronchial blockers. Gordon-Green (b’) and Macintosh- 

Leatherdale (b’) bronchial tubes. Double-lumen tubes 

(c), White (c’”) and Carlens (c” ^) double-lumen tubes. 

Arrows indicate the section’s shape of the air channels 
of each method. (From Péries F.,* modified). 


bronchus which was to be excluded. Macintosh 
and Leatherdale?° incorporated the bronchial 
blocker in the tracheal tube, so that the bronchial 
blocker could be put into place blindly during 
tracheal intubation. 

Bronchial blockers actually exclude the 
operated lung from ventilation and also make 
collapse of the lung and suction of secretions 
difficult. Another major disadvantage lies in the 
fact that they cannot be used when pneumonec- 
tomy or surgery of the carina has to be per- 
formed. 

Double-lumen tubes.1~'* These tubes are the 
most commonly used in thoracic surgery (Fig. 
8). The first model was developed by Carlens 
in 1949,3 for bronchospirometry. They 
consist of two air channels linked together, whose 
ends are blindly positioned respectively into a 
main bronchus and the trachea. Many types of 
these tubes have been proposed, either for the left 
(Carlens,? Robertshaw) and right main 
bronchus intubation (White,!! Robertshaw, 
Bryce-Smith;?~ '°); each one has its own char- 
acteristics that offer particular advantages. The 
major advantage of these tubes lies in the fact that 


they allow separate ventilation of either lung. 
However, some problems are still found with their 
use. Indeed, introduction is troublesome, mainly 
because of their diameter which is larger than the 
standard tracheal tubes, and because of the shape 
of their tips, which hamper passage through the 
larynx and advancement down the trachea. 
Moreover, malpositioning of the tip of the tube 
is a frequent event; in left bronchus intubation, 
the most usual malposition is too deep insertion 
of the tube, so that the right lung is excluded from 
ventilation.!*:!5 Major problems arise in right 
main bronchus intubation; in fact,.due to the 
shortness of the right main bronchus, absolute 
precision is needed to prevent the exclusion of the 
right upper lobe from ventilation. Moreover, 
separation of the two lungs is frequently in- 
complete with the specially designed right-sided 
double-lumen tubes. Another disadvantage lies in 
the fact that when the patient is moved after 
intubation, and is placed in the lateral position, 
the tube is easily displaced.’ 

Our method seems to solve many of these 
problems and to offer other advantages. A 
feature common to all the commercially available 


double-lumen tubes is that the two channels are 
permanently linked to each other, so that tracheal 
and bronchial intubation has to be carried out at 
the same time. The technique is, accordingly, 
more complex than the standard orotracheal in- 
tubation, while with our method tracheo- 
bronchial intubation is performed separately in 
two steps. In the second step, bronchial intuba- 
tion can then be carried out with no hurry and in 
full safety; in fact, the presence of the main 
tracheal tube always provides a safe pathway for 
ventilation should any problems arise, for 
example, in abnormal anatomical conformations. 
In these cases, bronchial intubation may be 
repeated many times, as it is possible to ventilate 
the lungs through the tracheal tube between the 
trial intubations. Furthermore, as laryngoscopy 
is not necessary for the insertion of the bronchial 
tube bronchial intubation can be carried 
out at any time during surgery, whatever 
the patient’s position. This aspect is of particular 
interest, as many unexpected situations arising in 
clinical practice could thus be solved. 

This method of assembling the tubes allows the 
total external diameter of the device to be reduced 
compared with the double-lumen tubes com- 
mercially available, which have channels of 
equivalent sections. The device incorporates two 
air channels which have one wall in common (Fig. 
2), resulting in a major section available for gas 
flow. The section of a standard tracheal tube of 
9 mm ID (63.6 sq mm) into which a bronchial 
tube of 5 mm ID and 6.8 mm OD is inserted, is 
reduced only by the surface area of its wall (16.6 
sq. mm). The final section (47 sq. mm) is 
equivalent to that of a 7.5 mm ID standard 
tracheal tube (44.1 sq mm), which is sufficient to 
ventilate both lungs. The combinations of tubes 
described above are those we considered to be the 
most suitable for routine clinical use in adults, 
when two channels with similar resistance are 
needed. However, any other reciprocal dimen- 
sioning of the two tubes that provides two chan- 
nels with equivalent sections can be obtained by 
the following relationship: 


gf 2 Rea y? — y 
r= 
2 v 
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where R is the inner radius of the main tracheal 
tube, r is the inner radius of the bronchial tube 
and v is the thickness of the wall of the bronchial 
tube. 

Although, at present, experience has been 
gained only in lung surgery, in our opinion 
advantages may be suggested in other clinical 
situations. The method could be favourably used 
in intensive care patients, when differential ven- 
tilatory schedules (differential PEEP, no or low 
flow in one lung) are advisable for the treat- 
ment of unilateral lung diseases (lung atelec- 
tasis,3° massive pneumonia,?! lung contusion or 
haematoma,*?~ 5+. In these cases, the bronchial 
tube may be easily positioned and removed 
many times a day, leaving the main tracheal 
tube in place. Moreover, by choosing the 
correct sizes of the tubes, bronchial intubation 
may be carried out through the nostril, a method 
of intubation more suitable for long term 
ventilatory support in intensive care patients, and 
so far precluded due to the size and shape of the 
commercially available double-lumen tubes. 


Conclusions 


The major advantages of this method of tracheo- 
bronchial intubation may be summarised in the 
following points: standard technique is used for 
tracheal intubation; bronchial intubation is easy 
and safe and can be carried out at any time during 
surgery, whatever the patient’s position; should 
any problem in bronchial intubation arise, the 
main tracheal tube always provides a safe path- 
way for ventilation. This allows bronchial intuba- 
tion to be attempted many times without haste, 
since it is possible to ventilate the patient safely. 


Addendum 


We have now used this method of bronchial 
intubation in 73 patients and are satisfied that it 
is superior to the use of conventional double- 
lumen tubes. On six occasions, the right main 
bronchus could not be intubated at the first 
attempt, but after removing the bronchial tube 
and ventilating via the tracheal tube, successful 
right bronchial intubation was achieved 
in each case, There has been no instance where 
the tube has not engaged in the right upper lobe 
bronchus. - 
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APPARATUS 


A comparison of five heat and moisture exchangers 


MAIRE SHELLY, D. W. BETHUNE anp R. D. LATIMER 


Sammary 


Five heat and moisture exchangers were inyestigated to compare their efficiency of humidification, their 
ability to filter bacterial spores and their various physical properties. The results are presented and the 
various mechanisms of heat and moisture exchange are reviewed. The Pall Ultipor BB50, because of its 
hydrophobic properties, has a slightly different action from heat and moisture exchangers already in use. 
The place of the Pall Ultipor BBSO in clinical practice is discussed. 


Key words 


Equipment; heat and moisture exchanger. 
Humidifier; humidification. 


Many types of heat and moisture exchanger 
(HME) are currently available for use with 
patients requiring long or short term ventilation. 
HMEs provide adequate humidification of the 
patient’s respiratory tract,1~3 reduce heat loss 
peroperatively,*> and are cheaper and more 
convenient to use than hot water humidifiers. 
HMEs also reduce contamination of ventilator 
tubing and valves by water. This minimises 
damage to equipment, prolongs its life and helps 
to reduce the likelihood of ventilator malfunction 
and its consequent risk to the patient.® 

Recently, the Pall Ultipor BB50, already in 
widespread use as a breathing system filter, 
has been shown to be an efficient HME* 
with the additional advantage of being an ef- 
fective bacterial filter.’ 


Theoretical considerations 


Early condenser humidifiers such as the Garthur, 
had layers of wire mesh. These have been super- 
ceded by several hygroscopic HMEs. The hygro- 
scopic effect is achieved in a different way by each 
device; the Portex Humid-Vent has a paper 
element coated with calcium chloride, the 
Siemens-Elema Servo humidifier has a fibreglass 
element and the Engström Edith contains a poly- 
propylene fibre cylinder coated with lithium 
chloride. The latter two HMEs are said to have 
antibacterial properties in addition; the Siemens 
appears to trap bacteria,® but the bacteriostatic 
action claimed for both this and the Edith have 
recently been questioned.?!° 

The most recent addition to the HME group is 
the Pall Ultipor BB50 Breathing System Filter 
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with its folded ceramic fibre element; this has a 
large hydrophobic surface area and provides not 
only efficient bacterial filtration, but also 
effective humidification of inspired gases.* 

The theoretical mechanism of action cf 
condenser humidifiers, described by Mapleson,!! 
was developed by studying the Garthur humidi- 
fier and is thought not to apply to more recent 
HMEs. Hygroscopic HMEs are more efficient 
than suggested by the Mapleson theory because 
a proportion of the water vapour passing through 
the device during expiration is adsorbed onto the 
hygroscopic part of the element and is ther 
collected by dry gases on inspiration. 

No liquid water is formed and the temperature 
change involved is insignificant, so this type of 
HME is not a condenser humidifier in the true 
sense. The Edith has only a hygroscopic element, 
whereas a hygroscopic portion is used in con- 
junction with a classical condenser humidifier in 
the Siemens to improve its efficiency.}? 

Other HMEs, without hygroscopic properties, 
have also been found to be more efficient than 
expected. The discrepancy has been attributed to 
deductions made in developing the original 
theory.!*+!* The first deduction made (the lowest 
temperature associated with the humidifier will 
be that of the fresh gas,1!) may not be the case 
under all circumstances. The statement does not 
take into account any reduction in temperature 
that occurs as water droplets are vaporized from 
the humidifier element. A temperature gradient 
may be set up within the humidifier as the latent 
heat of vaporization is taken from the fresh gas; 
this has been demonstrated experimentally'* and 
can be derived from other experimental data.* 
The distal part of the HME can, therefore, be 
cooler than its surroundings. Gas leaving the 
HME will be saturated at the lowest temperature 
achieved, but this is not necessarily the fresh gas 
temperature. The temperature levels within the 
HME will vary with the phase of respiration, the 
tidal volume, the relative humidity of the inspired 
gas and the heat capacity, conductivity and water 
content of the HME element.!* The water lost 
from the HME will, therefore, depend on all these 
factors. 

The Garthur humidifier, on which the original 
theory was based, does not develop temperature 
gradients-within the HME because it has metal 
gauzes with high conductivity; it thus complies 
with Mapleson’s deductions. 





Fig. 1. Heat and moisture exchangers, clockwise from 

top left: Garthur humidifier, Siemens-Elema Servo 

humidifier, Engström Edith, Portex Humid-Vent and 
Pall BBSO breathing system filter. 


Method 


Five commonly available HMEs were studied: 
the Garthur, the Portex Humid-Vent, the 
Siemens-Elema Servo humidifier, the Engström 
Edith and the Pall Ultipor BB50 (Fig. 1). Several 
factors were investigated, based on features con- 
sidered desirable in an ideal HME (Table 1). 
The ability of the HMEs to conserve water was 
assessed using the method described by Walker 
and Bethune.!5 The various HMEs were placed 
between apparatus representing a patient; a 
ventilator and thermostatically controlled hot 
water bath and a collection and measurement 
system; a heat exchanger to condense most of the 
water vapour into a measuring cylinder, a hygro- 
meter to measure the humidity and a respirometer 
to measure the volume of the cooled gas. The 
amount of water lost through the HME was 
measured for each humidifier. This method 
produces results approximating to those theor- 
etically expected and a reproducible pattern of 
results is obtained with different end expiratory 


Table 1. The properties of an ideal heat and moisture 
exchanger 


Efficient retention of heat and moisture 
Effective bacterial filter 

Safe 

Minimum number of airtight connexions 
Low resistance to airflow 

Low dead space 

Light weight 

Convenient for storage 

Disposable or easily sterilised 

Cheap 


w l 


temperatures. Twelve separate experiments were 
performed on each design of HME, six using 
room air and six with dry anaesthetic gases. Each 
experiment used a new HME and measurements 
were made at intervals during each run. The end 
expiratory temperature was maintained at 34.5°C 
throughout, corresponding to tracheal tem- 
perature. !5 

The efficacy of the HME as a bacterial filter 
was assessed using a modification of an estab- 
lished technique.'® An aerosol containing spores 
of Bacillis subtilis var. gobigii was passed through 
the HMEs and the residue collected on blood agar 
plates using a slit sampler (Castella). The plates 
were then incubated for 24 hours before counting 
the colonies. Three humidifiers of each type were 
tested and the total number of spores in the 
aerosol was estimated using an all-glass impinger. 
Spores were used since they are more hardy than 
bacteria and these particular spores are ap- 
proximately the same diameter as coliforms such 
as Pseudomonas, an important contaminant. 
Attempts were also made to reproduce the data 
in the information sheet provided with the Edith, 
showing the survival time of some common 
bacteria and fungi within the Edith element. 

The minimum number of airtight connexions 


Anaesthetic gases 
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was taken to be the number of standard fittings 
between the top of the tracheal tube and the 
breathing system, together with any connexions 
within the HME. This was used to indicate the 
liability of the HME to leakage or disconnexion. 
Resistance across the HMEs was measured at a 
30 litres/minute flow using a pneumotachograph. 
A catheter mount was added to the HME, if 
appropriate and the results expressed in Pascals. 

Internal volume was measured by filling both 
sides of the HME with water and repeating with 
a catheter mount as necessary; the volume of 
water used was measured before filling the 
devices. The weight of the humidifiers was 
measured using an electronic balance (IE DSK2). 
The cost per unit of the various humidifiers was 
calculated from the manufacturers’ quoted price 
for hospital supply in the largest available 
quantity. The cost of a disposable catheter mount 
was added where required and prices were also 
obtained for the re-usable outer cases. 


Results 


The hourly water loss from’ the HMEs is shown 
in Fig. 2 for both room air and dry anaesthetic 
gases. Measurements were also taken using both 


Room air 


1 

1 

1 
Edith mount ! 

1 

1 
Gorthur+CM i 

t 

1 
Portex+CM 
Siemens +CM 
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Fig. 2. Hourly water loss through heat and moisture 
exchangers with catheter mount (+CM) where 
appropriate. Fresh gas flow 7 litres/minute with room 
air: temperature 23.5°C, relative humidity 40 percent; 
with anaesthetic gases: temperature 19.3°C, relative 


humidity <10 percent. 


Dotted lin represents 


theoretical minimum loss according to Mapleson’s 
theory. 
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Table 2. Physical properties of heat and moisture exchangers 





Number of Internal 

HME connexions Resistance volume Weight 

O E 

-~CM +CM -CM +CM -CM +CM 
Garthur 6 18.0 69.0 29.0 57.0 53.9 103.6 
Portex 5 87.0 138.0 12.5 40.5 10.6 60.3 
Siemens 6 32.0 83.0 88.5 116.5 41.8 91.5 
Edith 3 — 50 — 920 — 18.8 
Pall 5 50.0, 100.0 75.0 103.0 46.9 96.6 


—CM, without catheter mount, Edith omitted as humidifier in- 


corporated into catheter mount. 


+CM, with catheter mount, Edith included alone. 


a Straight and a corrugated catheter mount (the 
corrugated catheter mount used was the Edith 
HME with its elements removed). Using room 
air, the catheter mounts reduced the water loss 
from the theoretical value.!5 The Garthur and 
Portex HMEs reduced the loss still further and 
the Pall, Edith and Siemens humidifiers, by virtue 
of their hygroscopic and hydrophobic properties, 
caused the water loss to fall below the level which 
is theoretically obligatory. The pattern of results 
using dry anaesthetic gases was slightly different. 
The water loss through the Pall BBSO and the 
corrugated catheter mount was unchanged, while 
with the other HMEs, water loss decreased when 
dry gases were used. 

On bacteriological investigation, only the Pall 
BB50 filter was effective, removing 99 percent of 
spores passed through it. The other HMEs had no 
measurable effect. No confirmation could be 
made of the bacterial survival times in the Edith; 
the growth of all bacteria tested was unaffected in 
spite of the 0.1 percent chlorhexidine with which 
the Edith element is impregnated. Comparison of 
the HMEs regarding number of connexions, 


resistance, internal volume and weight is shown in 
Table 2 and cost is shown in Table 3. 


Discussion 
Humidification 


The water loss studies indicate that three devices, 
the Siemens-Elema Servo humidifier, the 
Engström Edith and the Pall Ultipor BB50, were 
able to mimic the function of the upper respir- 
atory tract.* Humidification of both dry gases 
and room air was achieved to the levels found in 
nose breathing normal subjects.!” The other two 
devices, the Portex Humid-Vent and the Garthur 
humidifier, provided adequate humidification 
when dry gases were used, but failed to reach 
physiological levels of humidity with room air. 
The Garthur and Portex HMEs produced water 
losses above the theoretical minimum, while the 
Siemens, Edith and Pall were capable of perform- 
ing more efficiently than suggested by Mapleson’s 
theory, as described above. 


Table 3. Comparative cost of heat and moisture exchangers 


HME/HME insert Outer case 
HME (£) 
-CM +CM 
Garthur 2.25 2.90 31* 
Portex 0.80 1.45 
Siemens 0.63 1.28 18* 
Edith — 1.08 
Pall 2.92 3.53 — 


*Re-usable component, requires cost of sterilisation to be taken into 


account. 


— CM, without catheter mount, Edith omitted, humidifier incorporated 


into catheter mount. 


+CM with catheter mount, Edith included alone. 


y 


Bacterial filtration 


The Pall Ultipor BB50 proved to be an effective 
bacterial filter, removing 99 percent of the 
bacterial spores in the aerosol. The other devices 
appeared to have no significant antibacterial 
effect. 


Physical properties 


There were six points of connexion between the 
top of the tracheal tube and the breathing system 
with the Garthur and Siemens HMEs as both 
have an outer case and replaceable insert. This 
provides an increased likelihood of disconnexion 
or gas leakage, particularly as increasing use of 


the outer case may damage its screw thread. This 


problem is neatly solved in the Edith, where the 
HME element is incorporated into a corrugated 
catheter mount, thus removing the need for 
additional connexions. The connexions on all the 
devices were standard 22-mm and 15-mm male 
and female. 

The resistance was low for the Garthur and 
Siemens HMEs and higher for the Portex and 
Pall. When the resistance of the catheter mount 
was included, however, the results became more 
comparable and only the Portex HME had a 
resistance to more than 100 Pa at a 30 litre/ 
minute flow. The Portex had the lowest internal 


volume, followed by the Garthur; the more 


bulky Siemens and Pall HMEs had the highest 
volumes but the Edith compared favourably 
when the volume of a catheter mount was 
added. The same principle applied to the 
HME weights. The Portex was the lightest and 
the Garthur the heaviest, the Siemens and Pall 
were also comparatively heavy, but when the 
weight of the catheter mount was added to these, 
the Edith was by far the lightest. 

An important consideration is cost and this 
may be difficult to assess accurately. For 


example, the Siemens humidifier is relatively . 


cheap when the insert is considered alone, but add 
to this the cost of a catheter mount, the case and 
its sterilisation and the total becomes appreciable. 
The price of a disposable catheter mount and the 
re-usable outer case is shown in Table 3, but the 
cost of sterilisation is more difficult to establish, 
since it will vary with the method used. These 
considerations mean that the Edith is the 
cheapest and the Garthur the most expensive 
HME. The Pall, by virtue of its antibacterial 
properties, may recoup some of its relatively high 
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cost by reducing the frequency of ventilator 
tubing replacement or sterilisation. 


Conclusion 


The Engstrém Edith, Siemens Servo humidifier 
and Pall Ultipor BB50 provide adequate 
humidification of the respiratory tract with both 
room air and dry anaesthetic gases. The Pall 
BBSO, however, has the added advantage of being 
an efficient bacterial filter, which may be 
important in the infected or immunocom- 
promised patient, or in the intensive care unit. 


Addendum 


This study was undertaken using the Pall Ultipor 
BB50 breathing filter. Since its completion, two 
further filters have been marketed, the BB50T and 
the BB22/15. These are functionally identical to 
the BB50 and provide a range of connector sizes. 
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Anaesthetic management and postoperative care of cardiac surgical patients in a general recovery ward 
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Summary 


The postoperative care of 143 cardiac surgical patients has been successfully conducted in a general surgical recovery 
ward. Admission was limited to overnight stay only and all but two patients were returned to the general ward the 
following day. There were no deaths. The intra-operative anaesthetic management was considered to have played an 


important part in the success of this technique. 
Key words 


Anaesthesia; cardiovascular. 
Surgery, cardiopulmonary bypass. 


The demands for open heart surgery, especially aorto- 
coronary bypass grafting, tend to exceed the post- 
operative facilities available. In an attempt to overcome 
the problems of last-minute operation cancellations due 
to blocked intensive care beds, a proportion of routine 
cardiac surgical cases were managed in a general 
surgical recovery ward. Early extubation is by no 
means a new concept in these patients, but the implica- 
tions to the patient in relation to the postoperative 
management in a general surgical recovery area posed 
unique problems. This paper describes the particular 
anaesthetic approach involved. 


Method 


The general surgical recovery ward. This purpose- 
built area (separate from the intensive care ward) was 
designed to cope with the immediate postoperative care 
of a variety of surgical patients for up to 12 theatres. It 
has facilities for 18 patients, some of whom may be kept 
overnight for special observation. Limited equipment is 
also available for intermittent positive pressure 
ventilation (IPPV), for direct arterial and venous 
pressure monitoring, and continuous electrocardio- 
graphy. Maximum duration of admission is limited to 
overnight stay only. The majority of the nursing staff 


Table 1. Patients managed in the general recovery ward 


(1983-1985) 
Operations performed Total First group’ 
Coronary artery revascularisation 130 98 
Repair atrial septal defect 5 4 
Mitral valve replacement 3 0 
Aortic valve replacement 2 0 
Pulmonary valvotomy 1 1 
Cardiomyotomy (hypertrophic 
obstructive cardiomyopathy) 1 0 
Fontan’s procedure l 0 
143 103 





are not trained in intensive care, although the senior 
members have cardiac or intensive care experience. 
Patients and aims. Over two years (1983-85) 
143 patients were managed in this general recovery 
ward following cardiac surgery. The types of operation 
performed are shown in Table 1. Detailed data collected 
from the first 103 patients managed in this way, which 
provided the basis for a report published in a surgical 
journal,! are shown in Table 2. Patients were initially 
selected pre-operatively for ‘recovery’ rather than 
‘intensive care’ on criteria that basically excluded gross 
functional limitations or poor ventricular function. 
Later we found that selection tended to be made on the 
relative fitness of the patient to be admitted to the 
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Table 2. Operative records from the first 103 patients! (mean! 
values, SD, range) 





Age 49(10.7) 
(21-67) 
Weight 74.19.) 
(5487) 
Cardiopulmonary bypass 
Duration (minutes) 76(31) 
Ischaemic time (minutes) 3X24) 
Temperature (°C) 32 
Ejection fraction (%) 58(11.1) 
(35-75) 
Mean number of distal anastomoses (CABG) 3.1 (1-5) 


recovery ward as compared with the others on that 
day’s list. The criteria that proved most reliable, 
however, were based on their performance following 
cardiopulmonary bypass, and a decision was made at 
that time whether to elect for general recovery ward or 
intensive care ward management. Indeed, four out of 
the first 107 patients were redesignated in theatre to 
intensive care ward rather than recovery ward manage- 
ment because of intra-operative problems. 

Postoperative ventilation equipment was available, 
but it was felt that an elective attempt should be 
made to extubate on the operating table. The criteria for 
extubation were to be no different from those already 
practised, namely that the patient should be awake and 
neurologically alert, be able to maintain adequate 
ventilation whilst breathing spontaneously, have a 
stable circulation and be warm, with a minimal core- 
peripheral temperature gradient. Added to these aims, 
the postoperative management was to be kept as simple 
as possible, in that intravenous infusions of potent 
vasodilators or inotropes were avoided and nursing care 
was limited to manoeuvres already adopted by the 
general recovery ward nurses. 

Drugs used for anaesthesia. High dose opioid 
anaesthesia was thought to be inappropriate for 
immediate postoperative extubation. Likewise, the 
routine addition of an oral benzodiazepine to the 
papaveretum and hyoscine premedication was aban- 
doned, but oral beta adrenoceptor blockade with or 
without calcium antagonist medication was continued 
up to premedication. Intravenous midazolam in small 
doses (2~5 mg) was administered in the anaesthetic 
room to cover the insertion of intravenous, radial 
arterial and internal jugular cannulae under local 
anaesthetic. Anaesthesia was induced with fentanyl 
100 yg, etomidate 10-15 mg, together with pan- 
curonium 0.1 mg/kg. Cardiovascular responses to 
induction and intubation were treated with the 
appropriate intravenous agents. Before cardio- 
pulmonary bypass, maintenance of anaesthesia was 
with nitrous oxide in oxygen with the addition of either 
enflurane or halothane, according to the haemo- 
dynamic state. Any hypertensive responses to surgery 
were attenuated with intravenous nitroglycerine or 
alpha and beta adrenoceptor blockade. 

Early in the series, sleep was maintained during 


bypass with small increments of fentanyl or etomidate, 
together with pancuronium for neuromuscular block- 
ade. It soon became apparent that the latter, used in 
doses to prevent diaphragmatic movement during 
hypercarbic conditions, presented difficulties with 
reversal at the end of the procedure. Atracurium was 
substituted and used during bypass in intermittent 
doses of 5-25 mg. Likewise, alfentanil in 1 mg incre- 
ments (to a total of 2-3 mg) was used instead of fentanyl 
at the institution of and during bypass and rewarming. 
After extracorporeal circulation, anaesthesia was 
maintained with 66 percent nitrous oxide in oxygen, 
with further increments of fentanyl if required. The 
total operative dose of fentanyl was limited te 250 pg. 
There were no recorded casés of intra-operative aware- 
ness. z 

At the end of the operation, neostigmine 2.£ mg and 
glycopyrronium 0.6 mg were used to reverse neuro- 
muscular blockade. The patients’ tracheas were ex- 
tubated when the patients were awake, but supine, on 
the operating table, before they were transferred to the 
recovery ward bed and sat up. Again, experieace with 
the first few patients demonstrated an incidence of early 
postoperative confusion, unrelated to respiratory 
depression. This was usually reversed by physo- 
stigmine 1-3 mg intravenously. This agent was 
administered routinely to all subsequent patients, 
and the incidence of postoperative confusion fell to 
zero. Restlessness or pain were adequately treated 
with intravenous morphine. 

Intra-operative circulatory manipulation. An 
aggressive approach was adopted in order to restore 
normal arteriovenous tone, peripheral perfus.on and 
temperature by the end of the operation. At the same 
time, pharmacological agents were administered in an 
attempt to obtund the anticipated vasoconstriction and 
hypertension associated with arousal and extusation. 

In order to optimise whole-body heat exchange 
during rewarming, sodium nitroprusside or glyceryl 
trinitrate was infused at the maximum rate that still 
allowed for an adequate arterial perfusion pressure. 
Similarly, temperature after-drop was attenuated by 
careful attention to patient insulation, a warming 
mattress, and an efficient, lagged humidification system 
which provided airway temperatures in excess of 40°C 
(Bennett-Cascade humidifier). Cardiopulmonary 
bypass was not discontinued until core (naso- 
pharyngeal) temperature was around 38°C. 

During weaning from bypass, vasodilator therapy 
was continued in order to reduce afterload, improve 
myocardial efficiency and to reverse abnormal 
vasoconstrictor tone associated with extracorporeal 
circulation. Usually, this was achieved with glyceryl 
trinitrate together with incremental doses of phen- 
tolamine. Relatively small doses of vasocilators 
necessitated relatively large volume replacemente at this 
stage in order to maintain an adequate systemic erterial 
pressure. The right atrial and estimated pulmonary 
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arterial pressures were subsequently maintained 
within physiological limits with two units of the 
patient's own blood, harvested prior to bypass, and 
with fresh frozen plasma. The hypotensive response to 
protamine appeared to be minimised by the preceding 
vasodilatation and volume augmentation, as were 
further transfusion requirements following bypass. 
During closure, the intravenous infusion of vasodil- 
ators was discontinued, and providing that the systemic 
arterial pressure allowed (systolic greater than 
100 mmHg, mean arterial pressure in excess of 
60 mmHg), was replaced with doses of hydralazine to a 
total of 20 mg. Hypertension with tachycardia was con- 
trolled using small doses of labetalol. Nitroglycerine 
topical paste was applied to the forehead. 

After extubation, and in the postoperative period, 
‘hypertension’, defined here as a systolic arterial 
pressure in excess of 120 mmHg, was attenuated with 
further doses of labetalol or hydralazine. 

Haemostasis, coagulation, urine and electrolytes. 
Strict surgical discipline was required to achieve 
surgical haemostasis before closure. Total protamine 
administration was based on a 2:1 heparin reversal 
regime, with the second aliquot administered by 
infusion.? Coagulation was enhanced by fresh frozen 
plasma and with the patient’s autotransfused units of 
whole blood. 

Extracorporeal haemodilution was reversed by a 
frusemide-induced diuresis, which was also expected to 
attenuate the expected increases in ventricular filling 
pressures associated with any increase in veno- 
capacitance tone postoperatively. Serum potassium was 
maintained near 5 mmol/litre in order to reduce 
ventricular dysrhythmic potential. 

Nurses’ instructions and postoperative management. 
Antibiotic and topical nitrate therapy were routinely 
prescribed. Analgesia was provided by increments of 
morphine (5 mg intravenously) or papaveretum (10-15 
mg intramuscularly). It was not our experience that 
pain relief was a particular problem in this group of 
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patients, although we have no objective evidence to 
support this. Arterial blood gas and serum potassium 
estimations were performed regularly, and the nurses 
were instructed to keep the serum potassium within 
prescribed limits by the administration of potassium 
supplements. Arterial blood pressure control was 
normally achieved with hydralazine 10 mg, to be given 
intravenously as required, if the systolic blood pressure 
rose above 120 mmHg. Occasionally, a doctor would 
administer additional therapy in the form of bolus doses 
of labetalol. Infusions of vasodilators or inotropes were 
not used. In an attempt to avoid the circulatory effects 
of hypothermia, patient exposure was kept to a 
minimum, a state of affairs that appeared easier to 
achieve in the recovery ward than the intensive care 
environment, Lignocaine was administered by infusion 
pump to two patients who exhibited ventricular 
ectopics. 

Peripheral (toe) and rectal or axillary temperatures 
were recorded. The ECG and direct arterial pressures 
were monitored continuously, and the central venous 
pressure was measured using a water manometer. 
Table 3 lists the pressure, temperature and blood gas 
measurements recorded initially, and 2 hours after 
admission to the general recovery ward of the first 103 
patients studied. 

The patients were discharged to the ward on the 
morning following operation. The total duration of 
hospital stay was 9.05 (SD 2) days. 

Postoperative complications. Out of 143 patients, 
three required short-term IPPV (less than | hour) for 
anaesthetic reasons. One more, who had a mitral valve 
replacement, required overnight ventilation and 
subsequent transfer to the intensive care unit for further 
respiratory support because of severe pre-existing 
pulmonary disease. Three patients required further 
surgery for excessive bleeding, and were extubated 
following this. Two patients developed unheralded 
ventricular fibrillation; both were resuscitated success- 
fully, but one, who had evidence of myocardial 


Table 3. Recovery ward recordings from first 103 patients (mean values, SD) 


Measurement 
Core temperature (°C) 


Mean peripheral (toc) temperature (*C) 


Systolic blood pressure (mmHg) 
CVP (from sternal angle cmH,O) 





On admission 2 hours later 


36-38 36-38 
33(1.97) 34.8(1.57) 
120(26.8) 113,6(12.4) 
0.8(2.3) . 1.0(1.6) 


Blood gas analyzis data from 100 patients; spontaneous ventilation oxygen en- 
riched air? (mean values, SD, range) 


pH 
Pao; (kPa) 
Paco, (kPa) 


7.38(0.054)  7.3%0.149) 
(7.28-7.51)  (7.34-7.49) 
15.33(7.2)  17.6%5.33) 
(6.13-25.33)  (9.60-25.33) 
5.51(0.79) 5.35(0.84) 
(8.47-8.27) — (3.87-6.93) 
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infarction, required a period of intensive care ward 
management. ` 

The chest X rays taken on the first postoperative day 
were examined by an independent radiologist. The lung 
fields were clear in 47 percent, with minor atelectasis 
demonstrated in 32 percent, major atelectasis in 
5 percent and small pleural effusions in 16 percent. 


Discussion 


It has been clearly shown that a proportion of post 
cardiopulmonary bypass patients can be safely 
managed in a general surgical recovery ward. This has 
obvious advantages to any cardiothoracic unit in terms 
of cost and available postoperative facilities. It also 
casts doubt on the necessity for true intensive care 
facilities for all cardiac surgical patients. 

The original aims were to manage the patient after 
extubation, neurologically alert, peripherally warm, 
and with drug and fluid regimens designed to require a 
level of nursing experience already established in a 
general recovery ward environment. The surgical 
management has been described elsewhere.’ The part 
that the anaesthetic management plays in influencing 
the-success of this manoeuvre warrants a little discus- 
sion. 

Intra-operative vasodilatation and normothermia. 
Active vasodilator therapy during rewarming is a well- 
established technique, shown to minimise temperature 
after-drop following cardiopulmonary bypass.* Active 
core warming with the aid of an efficient ventilator 
humidifier is more contentious.*:* but in our experience 
allowed for the maintenance of normal core tem- 
perature by the end of the procedure, which we were 
unable to achieve before its use. A warm periphery 
fulfils one of the normal criteria for extubation. 

Aggressive arteriovenous dilatation following 
cardiopulmonary bypass, together with volume 
augmentation at that stage, allowed complete trans- 
fusion of the residual volume from the oxygenator, 
whilst avoiding inappropriate preload. Further 
volume requirements and subsequent control of blood 
pressure was routinely managed by the nursing staif 
without difficulty. Indeed, it was our impression that 
suitable intra-operative vasodilatation and restoration 
of vascular volumes, approximating to the physio- 
logical, simplified circulatory control postoperatively. 
Certainly, potent drugs such as sodium nitroprusside 
were unnecessary, whilst quite strict limitations ia 
systolic blood pressure (no greater than 120 mmHg 
systolic) were achieved using bolus doses of hydra- 
lazine, and, occasionally, labetalol. 

Hypertension following coronary artery surgery, 
which can have serious implications for the patient, has 
been attributed to an increase in alpha- and beta- 
adrenergic drive, and consequently the use of labetalol 
has been shown to be effective in its treatment.° Such 
adrenergic drive is enhanced by hypothermia,’ and the 


avoidance of heat loss would also be expected to be 
beneficial in terms of achieving relative haemodynamic 
stability postoperatively. 

Anaesthesia and arousal. Small doses of fentanyl with 
halogenated anaesthetic agents before bypass proved 
haemodynamically satisfactory. Bolus doses of 
alfentanil during bypass eliminated difficul-ies with 
arousal, without allowing intra-operative awareness. 
The use of atracurium during extracorporeal cir- 
culation is logical in that its molecular degradation is 
delayed under hypothermic conditions.* Qute small 
doses of atracurium appear to provide profound neuro- 
muscular blockade following earlier paralysis with 
pancuronium, without compromising reversal in the 
fully warmed patient. This is in keeping with previous 
observations,? and with recent evidence that 
combinations of competitive neuromuscular blockers 
have a potentiating effect.1° 

Pre-induction midazolam sedation may have 
contributed to the ease of anaesthetic control.!! The 
avoidance of atropine, and its substitution with 
glycopyrronium, modified inappropriate chenges in 
pulse rate associated with reversal? and its lack of 
central effects may have contributed to the lack of post- 
operative confusion.: It is assumed that pLysostig- 
mine was also advantageous in this context, bearing in 
mind the central anticholinergic effects associated with 
many anaesthetic agents and its non-specific arousal 
properties.'!* The use of specific opioid antagorists was 
unnecessary, and substituted by careful clinical 
observation and repeated blood gas analysis :n those 
patients who appeared to be underventilating. Only 
three patients required a short period of postoperative 
ventilation until they were fully awake, and all of these 
instances occurred before use of alfentanil on bypass. 
Analgesia with intravenous boli of morphine was satis- 
factory and did not produce clinically significant 
hypoventilation or obtund patient cooperation. 

‘Early’ extubation. The term ‘early’ is misleading, as 
it implies extubation before normal criteria for ex- 
tubation are met. No patient was extubated without 
meeting these conditions, which were fulfilled ir all but 
four patients by the end of the operation. It is interesting 
to note that the incidence of radiological lung changes 
seen on the following day is less than generally accepted 
in patients whose lungs are routinely veatilated 
following cardiac surgery (37 percent as com- 
pared with 60-84 percent).? All patiente were 
encouraged to take deep breaths and to cough during 
the early postoperative period. No patient requ_red re- 
intubation and ventilation for respiratory complica- 
tions. 

Safety. Geographically, the general recovery ward is 
ideally suited to cope with life threatening com- 
plications. It is part of the theatre complex and is 
adequately staffed with nursing and medical personnel 
over the 24-hour period. It is also within easy reach of 
the intensive care unit. Such complications as there were 


bie 


FS 


few, and were successfully managed. Equipment for 


cardiopulmonary resuscitation, 


ventilation and 


thoracotomy was, in any case, standard in this area. 
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Morbidity after day case laparoscopy. A comparison of two techniques of tracheal anaesthesia 


M. Skacel, BSc, MB, BS, Registrar, P. Sengupta, MB, BS, MRCP, FFARCS, Senior Registrar. O.M. 
Plantevin, MB, ChB, FFARCS, Consultant, Department of Anaesthesia, St Thomas’ Hospital, London 
SEI. : 


Summary 


A comparison was made of postoperative morbidity following two anaesthetic techniques for day case laparoscopies. 
One group of patients was allowed to breathe spontaneously after intubation under suxamethonium. The second group 
received atracurium and their lungs were mechanically ventilated. Patients in the controlled ventilation group ex- 
perienced significantly less severe sore throats and muscle pain in the first 24 hours postoperatively than the patients 
who breathed spontaneously. Both techniques proved to be safe and are suitable for day case laparoscopy. The safety 
of patients is discussed in relation to the choice of anaesthetic technique used. 


Key words 
Anaesthesia, outpatient. 
Neuromuscular relaxants; atracurium, suxamethonium. 


symptomatic morbidity is high following any 
laparoscopy?* and numerous investigations have been 


Laparoscopy has been shown to be a safe procedure’ 
with a high degree of patient acceptance.?> However, 
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undertaken to elucidate which anaesthetic technique is 
best for this procedure. Opinion still recommends 
tracheal intubation in these patients; ventilation can be 
spontaneous or controlled. Both Heneghan ef a/.5 and 
‘Kurer and Welch,® when examining outpatient dental 
and inpatient gynaecological surgery respectively, 
found that a spontaneously breathing technique 
produced less postoperative morbidity when compared 
with the controlled ventilation technique. The studies 
used alcuronium and pancuronium respectively as the 
neuromuscular blocking agent. 

Recently Collins et al.? have shown that atracurium 
produces significantly less postoperative morbidity 
than alcuronium, presumably due to its shorter 
duration of action, and appears to be the muscle 
relaxant of choice in day case anaesthesia. 

This study was designed to compare the post- 
operative morbidity of spontaneous respiration after 
intubation with suxamethonium and controlled ventila- 
tion with atracurium; all other drugs used were the 
same. 


Method 
Forty-six consecutive patients admitted for outpatient 


gynaecological laparoscopy were entered in the trial. 


Patients conformed to ASA grades | or 2 and were 
deemed suitable for day case surgery. The patients were 
assessed pre-operatively by the anaesthetist and 
informed consent obtained. They were then randomly 
allocated to one of two groups. No premedication was 
given. All anaesthetics were administered by either M.S. 
or P.S. and the same gynaecologist performed the 
laparoscopies. 

All patients received metoclopramide 10 mg intra- 
venously, fentanyl 1 pg/kg and a sleep dose of thio- 
pentone via an indwelling needle inserted in the back of 
the hand, followed by either suxamethonium J mg/kg 
or atracurium 0.3 mg/kg. The trachea was intubated 
after the muscle fasciculations had ceased in the 
suxamethonium group and two minutes later in the 
atracurium group. Patients in the suxamethonium 
group were then allowed to breathe spontaneously 
using a semi-closed circle system with a fresh gas flow 
of 6 litres/minute (66 percent nitrous oxide/33 percent 
oxygen) to which enflurane 1.5-2.5 percent was added. 


The lungs of the patients in the atracurium group were 
mechanically ventilated using a Manley ventilator with 
a minute volume of 80 ml/kg (66 percent nitrous oxide/ 
33 percent oxygen) plus enflurane 0.5 percent. At the 
end of surgery, the residual effects of atracurium were 
reversed with neostigmine 2.5 mg and atropine 1.2 mg. 
In both groups, the concentration of enflurane was 
increased or a small incremental dose of thiopentone 
given if indicated. 

Once anaesthesia was induced, patients were placed 
in the lithotomy position, catheterised if necessary and 
20° of head down tilt applied. Carbon dioxide was used 
as the insufflating gas and care was taken to expel as 
much gas as possible before the trocar was removed at 
the end of surgery. Heart rate and blood pressure were 
measured at the initial clinical assessment and the ECG 
was monitored continuously using a’ Cardiorator 
CRS on standard lead 2: Pulse raté and arterial blood 
pressure were recorded every 5 minutes. 

In the recovery room, trained nursing staff, who were 
unaware of which technique had‘been used, recorded 
the time for the patients to open their eyes to command, 
and the occurrence of nausea, vomiting, abdominal 
pain or other symptoms. All patients were then given 
three morbidity questionnaires to complete, one at 
discharge and the other two at 24 and 48 hours 
postoperatively. i 

Results were analysed using a Chi squared test for 
postoperative morbidity and Students t-test for pulse 
and arterial blood pressure recordings. 


Results 


There were 24 patients in the atracurium and 22 in the 
suxamethonium groups. One patient in the latter was 
not included in the results because of language dif- 
ficulties, and four patients did not return the question- 
naires, one in the atracurium group and three in the 
suxamethonium group. There was no significant 
difference between the groups in age, weight, pre- 
operative blood pressure, pre-operative heart rate or 
duration of anaesthesia. (Table 1). 

Both techniques provided good cardiovascular 
stability during the procedure. There was no difference 
Statistically between the peroperative maximum heart 
rates of the atracurium or suxamethonium groups, 


Table 1. Patient data 








Suxamethonium Atracurium 
group (n= 18) group (n = 23) 
Age (years, SEM) 31.4 (1.2) 29.5 (1.5)* 
Weight (kg, SEM) 63.5 (2.4) 61.7 (1.3)* 
Pre-operative 
Heart rate (bpm, SEM) 79.0 (2.3) 79.1 (2.0)* 
Systolic blood pressure (mmHg, SEM) 112.0 (2.2) 113.0 (1.9)* 
Duration of anaesthesia 
(minutes, SEM) 20.5 (4.1) 19.8 (3.8)* 


*, Not significant at the p = 0.05 level. 


which were 85 (SEM 2.1) beats/minute and 86 (SEM 2.5) 
beats/minute respectively. There was no difference 
between the groups as regards blood pressures at any 


_ stage of the procedure. Two patients had dysrhythmias 


during surgery, a bradycardia of less than 40 beats/ 
minute, which was treated with atropine, and a self 
limiting episode of ventricular bigeminy. Both these 
were in patients of the atracurium group. This was not 
statistically significant. 

During surgery, 14 patients in the atracurium group 
required the enflurane concentration to be increased to 
I percent, and of these one needed a further dose of 
thiopentone (100 mg). In the suxamethonium 
group, seven patients required further thiopentone 
(50-150 mg), and one of these needed a further dose of 
suxamethonium (25 mg). The mean recovery time was 
3.5 minutes (range 1-10) in the atracurium group and 
5 minutes (range 1—13) in the suxamethonium group. 
This was not statistically significant. Three patients 
required pethidine for postoperative pain relief, one in 
the suxamethonium group and two in the atracurium 
group. There was no difference in the immediate post- 
operative morbidity (Table 2), apart from the fact that 


Table 2. Number of patients experiencing symptoms im- 


mediately prior to discharge 

Suxamethonium Atracurium 
Symptoms group (n= 18) group (n = 23) 
Headache 4 4* 
Sore throat 15 19* 
Nausea i 10* 
Vomiting 7 thd 
Dizziness 9 14° 
Dry mouth 9 18* 
Double vision 3 5* 
Backache 4 4" 
Abdominal pain 18 22* 
Other pains 6 1 
Dreams 0 10 (p<0.01) 


*, Not significant at the p = 0.05 level. 
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ten patients in the atracurium group experienced 
dreams; none of these was unpleasant or appeared to 
be related to the procedure. 

The morbidity at 24 hours postoperatively is shown 
in Table 3. The severity, but not the incidence, of neck 
and shoulder pain and sore throats was significantly 
higher in the suxamethonium group. The analgesic 
requirements of the patients in this group was also 
increased in the first 24 hours. There was no difference 
in the incidence or severity of headache, abdominal 
pain, rib pain, backache, and nausea or other sequelae. 
At 48 hours postoperatively, there was no difference in 
any index of morbidity or analgesia usage. 

All patients experienced some symptoms in the first 
24 hours. Seven patients (38.8 percent) in the 
suxamethonium group and six (26 percent) in the 
atracurium group would have preferred the procedure 
as inpatients. Sixteen patients in the atracurium group 
and 14 in the suxamethonium group would like to have 
the same anaesthetic again. The majority of patients 
who did not want the same general anaesthetic stated 
that they had previously had inpatient surgery and 
compared that experience to this present one. 


Discussion 


Outpatient laparoscopy is increasingly practised for 
social and economic reasons. Previous studies have 
shown that this type of surgery meets with a high degree 
of patient acceptance, and only 30 percent of the 
patients in the studies by Collins ef al.? and Kurer and 
Welch® would retrospectively have preferred to be 
inpatients. This is in accord with our study, where 31 
percent of patients would have preferred to be in- 
patients. 

However, symptomatic morbidity is known to be 
high following this procedure?* and therefore, 
any anaesthetic technique which reduces the incidence 


Table 3, Number of patients experiencing symptoms at 24 hours postoperatively 


Symptom 


Atracurium 
group (n = 23) 


Suxamethonium 
group (n = 18) 





Neck and shoulder pain 
none 


slight 
moderate 
severe 


Sore throat 
none 
slight 
moderate 
severe 


Analgesic use (number of times two 


tablets of aspirin used in first 24 hours) 


none 
once 
twice 
three or more 
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or severity of the sequelae would be advantageous to the 
patient. Anaesthetic opinion at the moment still 
recommends tracheal intubation for this procedure, to 
prevent complications arising either from gastric 
regurgitation due to the Trendelenberg tilt, or respir- 
atory insufficiency in the presence of a raised intra- 
abdominal pressure due to the carbon dioxide pneumo- 
peritoneum. Controlled ventilation has been advocated 
by Scott and Julian,’ because of a high incidence of 
dysrhythmias in patients breathing spontaneously with 
halothane, although, Harris et al.” have shown no 
difference in the incidence of dysrhythmias in patients 
breathing spontaneously when enflurane was used. 
Recently, both Heneghan et al.5 in day case dental 
surgery and Kurer and Welch® in inpatient laparo- 
scopies have shown that a spontaneous breathing 
technique using suxamethonium to facilitate intuba- 
tion, produced less postoperative morbidity than a 
controlled ventilation technique using alcuronium and 
pancuronium respectively. A significant proportion of 
the sequelae quoted in the above studies consisted of 
blurred or double vision, general weakness and muscle 
pain. Collins et al? found that atracurium was 
associated with significantly less morbidity than 
alcuronium and postulated that the longer duration of 
neuromuscular blockade caused incoordination and 
subsequent muscle strain. Controlled ventilation with 
atracurium should therefore produce less postoperative 
morbidity than other nondepolarising relaxants and 
might be superior to spontaneous ventilation after 
intubation under suxamethonium. All patients received 
the same dose of metoclopramide and fentanyl, and 
enflurane was used in both groups as the inhalational 
agent. In this way, it was hoped that any differences in 
postoperative morbidity would be attributable to the 
different techniques of neuromuscular paralysis. 
Although in our study we found a similar incidence 
of postoperative symptoms, neck and shoulder pain was 
significantly less severe in the atracurium group than in 
patients who had received suxamethonium. The 
incidence of muscle pain after suxamethonium and 
early ambulation is well documented and is believed to 
be due to muscle fasciculations. In this study we did not 
pretreat our patients with a small dose of a non- 
depolarising agent. This may have reduced the severity 
and incidence of neck and shoulder pain, although Frew 
et al.® in their study of outpatient laparoscopies found 
that the incidence and severity of neck and shoulder 
pain was not reduced by pretreatment with gallamine. 
Sore throat is associated with the presence of a 
tracheal tube and the higher incidence in patients 
breathing spontaneously was not unexpected. This is 
probably due to the vocal cords tightening around the 
tracheal tube after recovery from suxamethonium, thus 
causing more movement of the tube against the larynx. 
The incidence of sore throats may be reduced by 
avoiding tracheal intubation, although Kurer and 
Welch® found no difference in the incidence of sore 
throats at 24 hours postoperatively when a spontaneous 


breathing technique using a face mask was compared to 
controlled ventilation with pancuronium. 

The increased morbidity of the suxamethonium 
group of patients was accompanied by the fact that this 
group of patients also required more oral aralgesia in 
the first 24 hours. Just prior to discharge the only 
difference in morbidity was in the incidence of dreams. 
Ten patients (45 percent) in the atracurium group 
experienced dreams, none of which was unpleasant or 
appeared related to the procedure, while no patient in 
the suxamethonium group could recall having one. The 
probable explanation is that the atracurium group were 
not as deeply anaesthetised and indeed, the ancesthetist 
considered that in 14 patients the enflurane con- 
centration needed to be increased. 

Both techniques provided good cardiovascular 
stability and a low incidence of dysrhythmias, unlike 
Kurer and Welch® who found an 18 percent and 5 
percent incidence of dysrhythmias in the spontaneous 
ventilation and controlled ventilation groups re- 
spectively, when halothane was used as the inhalational 
agent. Recently, Harris et al. have shown no difference 
in the incidence of dysrhythmias between the above 
techniques when enflurane was used. 

Whilst postoperative morbidity is of importance, the 
safety of the patient obviously influences the choice of 
anaesthetic technique. Tracheal intubation? ™ 4!!! 
has been used to prevent inhalation of gastric coatents, 
but Kurer and Welch® found no evidence of passive 
regurgitation during laparoscopies that lasted 5 minutes 
with a 10° Trendelenberg tilt. However, Duffy! found 
this a problem in patients undergoing laparoscopy in 
the ‘lithotomy position and steep head-down tilt’. It 
may be that passive regurgitation would have proved 
more of a problem for Kurer and Welch if their laparo- 
scopies had been of longer duration. Interestingly, 23 
percent of their patients who breathed spontaneously 
through a facemask also developed airway problems. 
Therefore, the degree of Trendelenberg tilt, the skill of 
the anaesthetist and surgeon and the duration of 
laparoscopy must influence the choice of anaesthetic 
technique. 

In summary, spontaneous ventilation using enflurane 
may be an advantage for short procedures because 
reversal of neuromuscular block will not be required, 
but this unfortunately is at the expense of an 
increased severity of sore throat and muscle pain. 
Controlled ventilation with atracurium may be the 
technique of choice for long procedures, or if s-eep 
Trendelenberg tilt is necessary; this also leads to less 
severe postoperative sequelae, but has an increased risk 
of awareness. 
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Bromazepam as oral premedication. A comparison with lorazepam 


R. Ponnudurai, FFARCS, Registrar, J. Hurdley, FFARCS, Consultant, Anaesthetic Department, 
Selly Oak Hospital, Birmingham B29 6JD. 


Summary 


A double-blind trial of bromazepam 6 mg versus lorazepam 2 mg as oral premedicant agents was undertaken. A total 
of 153 patients were studied; 78 received bromazepam and 75 lorazepam. Objective and subjective assessments of 
sedation, amnesia, nausea and vomiting were performed. No significant difference between the two groups was found. 


set 


It was concluded that bromazepam 6 mg and lorazepam 2 mg were equally satisfactory as premedicant drugs. 


Key words 
Hypnotics, benzodiazepines; bromazepam, lorazepam. 


Bromazepam is a recently introduced benzodiazepine 
with sedative and anxiolytic properties. It has been 
shown to be superior to diazepam in its anxiolytic effect 
in psychiatric patients.’ Orally it has a peak effect in 1-4 
hours and a half life of 11.9 hours. 

Lorazepam has been shown in a number of studies to 
be a satisfactory premedicant drug when given orally 
approximately 2 hours pre-operatively.?~* Its duration 


of action is such that the timing of the dose is not 
critical. We have had reports from the ward staff, 
however, of a small proportion of patients who have 
vomited immediately after receiving lorazepam orally, 
thereby rendering it ineffective. 

A double-blind study of the two drugs as oral 
premedicants was undertaken. 
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Method 


The study was approved by the South Birmingham 
district ethical committee. Patients were selected from 
a gynaecology ward, who were due to be operated on 
by the same surgical team. All types of gynaecological 
surgery were included, but patients with co-existing 
disease requiring drug therapy, those receiving psycho- 
active drugs or night sedation were not studied. All 
observations were made by the same author. 

Patients were assessed the day before surgery for their 
anxiety level (Table 1), pulse rate and arterial blood 
pressure. They were shown three picture cards (from a 
set of 20) of common objects and asked to remember 
them. They were randomly allocated to two groups. At 
12.00 hours on the day of surgery, they were given orally 
a coded capsule containing either bromazepam 6.0 mg 
or lorazepam 2.0 mg. In the anaesthetic room anxiety 
level was assessed and pulse rate and blood pressure 
measured. The patients were asked to recall the pictures 
they had been shown, and also whether they had 
experienced nausea or vomiting. After venepuncture, 
pulse rate and arterial blood pressure were measured 
again. 

The following day the patients were visited and the 
recall of the picture cards tested. Enquiries were made 
into the presence or absence of postoperative nausea or 
vomiting. Sedation scores out of 10 were awarded 
according to the method of Nisbet and Norris;* a high 
score indicated a high level of sedation (Table 1). 


Results 


There were 153 patients in the study, 78 in the bro- 
mazepam group and 75 in the lorazepam group. The 


Table 1. Subjective and objective scoring method 


Subjective 

A. Subjective state in anaesthetic room 
Apprehensive 0 
Fully awake t 
Drowsy 2 


B. Change in state from ward to anaesthetic room 
Apparent improvement 
No change 
Apparent deterioration 


Objective 

A. Change from ward to anaesthetic room 
Fall in systolic blood pressure >10 mmHg 
No change 
Rise in systolic blood pressure >10 mmHg 
Fall in heart rate >10 mmHg 
No change 
Rise in heart rate >10 mmHg 

B. After stimulation (venepuncture) 
Rise in systolic blood pressure >10 mmHg 
No change 
Rise in heart rate >10 mmHg 
No change 


Any degree of failure to recall the picture cards was recorded 
as amnesia. 


O= N 
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Table 2. Distribution of patients by treatment, age and weight 
Bromazepam 6 mg Lorazepam 2 mg 





Age (years) Total 
0-24 4 7 1 
25-44 55 40 95 
45-64 18 27 45 
>65 1 1 2 
Total 73 75 153 
Weight kg 63.7 61.57 

SEM (p=0.26) 1.3 1.4 





groups were comparable in terms of age distribution 
and weight (Table 2). There was no significant dif- 
ference in sedation scores between the two groups as 
tested by Chi squared (Table 3). No differences were 
found in the incidence of nausea, vomiting or amnesia, 
although there was less vomiting in the bromazepam 
group (Table 4). 


Discussion 

Nisbet and Norris* defined a score of 4 or less as being 
poor sedation and a score of 7—10 as being good. Only 
eight patients had a score of 4 or less, while 89 had 
scores of 7 or more. The sedation achieved with 
bromazepam is not significantly different from that with 
lorazepam, although comments from patients who were 
known to have had lorazepam outside the study 


Table 3. Distribution of patients by treatment and sedation 


score 
Score Bromazepam 6 mg Lorazepam 2 mg 
3 2 1 
4 3 2 
5 8 7 
6 21 20 
7 19 21 
8 20 17 
9 4 6 
10 1 1 
Mean 6.7 6.8 


A Chi squared test on the two treatment groups gave a p value 
of greater than 0.1. 


Table 4. Distribution of patients by treatment and unsolicited 





side effects 

Effect Bromazepam 6 mg Lorazepam 2 mg 
Nausea 

Same day 3 0 

Next day 13 17 
Vomiting 

Same day 0 0 

Next day 3 6 
Amnesia 

Same day 4 

Next day 1 1 


The terms ‘Same day’ and ‘Next day’ refer to the time of 
questioning so ‘Same day’ means pre-operative and ‘Next day’ 
postoperative. A Chi squared test of the incidence of nausea and 
vomiting between the groups gives 0.5> p>0.2. 


NS 


Ley 


indicate that there may be a subjective difference in the 
sedation caused by the drugs. There was no sig- 
nificant difference between the groups in terms of the 
incidence of nausea or vomiting and there was no record 
of any patient vomiting immediately after receiving 
either drug. Particular note of this had been made, in 
view of the reports from ward staff before the trial. The 
overall incidence of vomiting was 5.9 percent, which we 
thought surprisingly low. 

The test of amnesia was designed to be as objective 
as possible and there was no difference between the 
drugs in this respect. Amnesia is not an undesirable side 
effect in the context of premedication and patients do 
not find it unpleasant. 

Some studies have found lorazepam to be superior to 
diazepam as a premedicant,? others have found no 
difference. A recent study of bromazepam versus 
diazepam showed no significant difference between 
these two drugs.® 

We would conclude that bromazepam 6 mg and 
lorazepam 2 mg are equally satisfactory when used as 
oral premedication. 
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Fire in the operating theatre. Evacuation pre-planning may save lives 


Mary A. Moxon, MB, ChB, FFARCS, Senior Registrar, Royal Berkshire Hospital, Reading, M.E. 
Ward, MB, BS, FFARCS, Consultant Anaesthetist, Nuffield Department of Anaesthetics, John 
Radcliffe Hospital, Headington, Oxford, OX3 9DU. 


Summary 


An operating theatre fire and the steps taken to deal with it are described; the difficulties encountered in evacuating 
anaesthetised patients are highlighted. Measures which might be taken to prevent recurrence of these problems, and 
recommendations on the institution of fire drills for the safety of patients and staff are given. 
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Home Office by the Fire Research Station in 1982. Most 
of these fires are not serious and are quickly brought 


Fires occur in hospitals, as in other occupied buildings 
with surprising frequency; 2212 were reported to the 
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under control, with no risk to patients or staff. Fire in 
a hospital is potentially serious not only because of 
extensive damage to property, but because evacuation 
of patients may be involved. The hazards may be 
further increased if patients are unable to help them- 
selves due to mental or physical infirmity. 

Fire in operating suites is relatively rare but 
potentially particularly dangerous. The hazards in 
modern operating theatres are increased by the 
proximity of electrical equipment to anaesthetic gases 
which may support combustion or be inflammable. An 
anaesthetised patient is totally dependent; if surgery is 
in progress, evacuation may be a serious risk to life. 


Description of fire 


We report a minor fire in the operating suite, in which 
two anaesthetised patients and another recovering from 
anaesthesia and surgery had to be evacuated, and 
describe the problems that were encountered. 

The suite has four theatres, of which only two were 
being used—one for plastic surgery and one for 
neurosurgery (Fig. 1). There was also a patient in the re- 
covery area. The plastic surgery (cross-face nerve graft) 
had been underway for over an hour, the patient was 
paralysed and receiving controlled ventilation of the 
lungs, the surgery involved a microvascular anastomosis 
and to facilitate this a hypotensive technique was 
being used. The neurosurgical patient was in the anaes- 


thetic room and had just been anaesthetised prior to a 
posterior craniotomy. The patient in the recorery area 
had already undergone surgery and had been -here for 
10 minutes. 

The first sign of any hazard was when some lights and 
power sockets failed, but the operating lights remained 
on. The electricians were notified since the emergency 
generator did not take over. The neurosurgical case was 
moved into theatre and onto the operating table so that 
preparation for surgery could continue. About 8-10 
minutes after the partial power failure, dense smoke was 
seen in the corridor behind the neurosurgical theatre 
and the patient was moved back onto a trolley to the 
reception area and kept anaesthetised and ventilated 
with an Ambu Bag supplied by a cylinder of Ertonox. 
It was fortunate that, as the operating tables aze non- 
mobile, the customary fixation of the patient’s head to 
the operating table with three pins had not been done. 

The plastic surgery patient was also moved to the 
reception area and anaesthesia maintained with nitrous 
oxide and oxygen from a Boyle’s machine supplied by 
cylinders. The patient was ventilated using a Nuffield 
ventilator powered by a cylinder of oxygen. The open 
wound was packed with swabs. The patient in recovery 
was also moved into this area. The electricity supply to 
the entire suite was then switched off by the engineer. 
An alternative non-mains supply of light, such as 
torches, could not be found, so evacuation was tader- 
taken to the adjacent corridor outside the sterile area 


Peripheral corridor (non-sterile) 
with naturol lighting 


naru 
asaut 

FESERNE 
L ELLLLL 





Plastic 
surgery 
theotre 
(in use 


External fire 2scape 
Fig. 1. Plan of third fioor theatres, Source of smoke shown by x. 


where there are windows and some natural light. The 
fire brigade had arrived by this time and entered the 
theatre suite—in the interest of speed they were not 
required to wear theatre clothing. It was decided to 
awaken the neurosurgical patient, but further problems 
and delays were encountered because non-electrical 
suckers were not available in the theatre block and an 
Ambu foot-sucker had to be brought from another 
part of the hospital. 

The fire was soon brought under control by the local 
fire service who reported that the smoke was in fact due 
to an electrical fault in a junction box which had been 
overloaded (Fig. 2). The patient undergoing facial nerve 





Fig. 2. Overloaded and smoke blackened electrical junction 
box. 


graft was taken back into the theatre furthest from the 
source of the smoke. The rest of the suite was not used 
for about an hour, to allow the smoke to disperse. 

Subsequently, the fault was found to be overheating 
in the transformer supplying the Maquet table motor, 
causing a single fuse to blow downstream of the 
generator. This meant that the sensory electrical circuits 
which should have detected the broken circuit had not 
done so, thus preventing the emergency generator from 
being switched into the power supply. 

The theatre suite is located on the third floor of a 
modern building (opened 10 March 1972) which also 
houses the neurosurgical intensive care unit, one floor 
below. Apart from the lifts, there is a narrow staircase 
for staff and an external fire escape which is also very 
narrow. There are no automatic fire or smoke devices 
in the theatre! Lateral evacuation is possible only to the 
narrow corridor outside the theatre suite (see Fig. 1). 

All the staff coped very well when faced with the 
emergency, but there was no obvious ‘drill’ procedure 
upon which to act. The deficiencies in equipment for 
such an emergency were lack of a non-mains light 
source and non-electrical suckers. Further problems 
would obviously have arisen if the neurosurgical case 
had actually started and there had been a need to 
evacuate either this case, or the patient who was 
deliberately hypotensive having been given ganglion 
blocking agents, down the stairs or fire escape. 
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Table 1. Fires in hospitals in the United Kingdom attended by 
the Fire Brigade. (Source: returns by fire brigades to Home 
Office and Fire Research Station.) 





Number Number of fire-related 
Year of fires Deaths Injuries ' 
1971 1349* 12 20 
1972 1639* 4lt 71 
1973 2044 15 52 
1974 2047 13 48 
1975 2200} 7 N.A. 
1976 2219 7 47 
1977 21488 9 50 
1978 1878$ 9 59 
1979 2055 20 5 92 
1980 2106$ 3 84 
1981 2081 18 68 
1982 2212 7 70 


*The lower level of these figures is attributable to lower 
reporting of fires to fire brigades rather than fewer actual fires 
in hospitals in these years. 

țtIncludes 30 at one incident—Coldharbour Hospital, 
Sherbourne. 

Estimated figure. 

NA Not available. 

§These figures are lower than expected because of non-reporting 
by fire brigades during periods of industrial action by firemen. 


Discussion 

Fire remains a serious hazard in any occupied building 
and the number of fires is not decreasing, as can be seen 
from Table 1. Death and injuries do still occur, despite 
our increasing awareness and improved standards of 
fire precautions. Fires in operating suites comprise a 
very small proportion of all hospital fires. Fifteen out ofa 
total of 7078 in 1971-84, 3 out of a total of 949 in the 
South East Thames Region in 1979-82.? However, they 
are potentially very serious. It would seem essential, 
therefore, to have an evacuation plan which all the staff 
have studied or practised, as well as basic equipment 
which does not rely on mains electricity or piped gas in 
order to function. 

Regular fire drills may not be practical, as they may 
interrupt work and endanger sterility; however, a one- 
off practice, undertaken with the help of the hospital 
fire officer and local fire brigade, and involving 
substitute patients, would highlight problems. These 
could then be eliminated at leisure. This type of drill was 
reported by Nagel and others in 1973 in the USA and 
was seen to work well.? A simple guide to fire drill and 
evacuation procedures could then be drawn up and 
issued as essential reading to all new theatre staff. Each 
member of staff would then be expected to know his/her 
specific task in the event of an emergency and be 
questioned on it as part of theatre training. 

The medical staff present have to make the final 
decision regarding the care and type of handling of 
each patient in such an emergency, but it is important 
that all the staff understand the guidelines and 
principles involved so that there is a minimum of 
explanation necessary and vital minutes are not lost. 
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Furthermore, the execution of the evacuation plan may 
need to take place in a smoke-filled, dark and noisy 
environment. The plan should recognise the need to 


maintain intravenous lines, the need to continue oxygen: 


therapy or artificial ventilation and should also include 
details of staff needed to move patients. If surgery is in 
progress, advice should be available on when to 
interrupt or terminate the procedure most safely for the 
patient and staff.* Whilst it is not possible to imagine 
every eventuality in each theatre suite, those sited above 
ground or first floor level, where evacuation would be 
difficult, should make special plans for a drill which can 
be put into practice occasionally, to make sure it is 
realistic and adaptable enough to cover most emergency 
situations. 

The importance of regular maintenance of gas pipe- 
lines, cylinders, and electrical equipment cannot be 
overstressed. It is also important that vital life- 
dependent and monitoring equipment is available 
which can be powered by batteries; these should be 
checked regularly. In addition, staff must be en- 
couraged to report any fault they find with equipment 
as soon as possible, so that checks can be carried out. 
Even a small electrical fault can cause a major fire. 


Conclusion 


Fire is a rare event in an operating suite. However, it can 
be disastrous and the ‘it will never happen to me’ 
syndrome should not be allowed to creep in. All staff 
should understand the potential hazards of equipment 
in use in a theatre suite and refuse to use equipment if 
it is faulty or has not been checked. 


Although these points are important, prevention can 
never be complete and it is essential that there is a fire 
drill which takes into account all the likely problems. 
Theatre staff must be conversant with the drill and put 
it into practice from time to time. Fire practices are a 
bore for some and a distraction for others but, for the 
safety of staff and the patients in their care, the 
occasional disruption of a theatre list and dirtying of a 
sterile area cannot be weighed against the possibility of 
unnecessary risks and possible loss of life. 


The: DHSS expects Health Authorities to have clearly 
defined policies for preventing fires and procedures for 
dealing with their outbreak in health care premises. 
General guidance on the role of management in devising 
and implementing policies and plans for dealing with 
the threat posed by fire, and for ensuring that all staff 
receive appropriate training in fire safety, is given in 
HTM83, ‘General Fire Precautions’. Specific guidance 
in developing fire policies and plans is given to 
Authorities in the document entitled ‘Fire Precautions 
Development Programme’ (Section 1). These should be 
available in every hospital. 
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Legal standard wire gauge 


Arbitrary gauges continue to be used despite mettica- 
tion. Full metrication for hypodermic injection needles 
is feasible and could simplify thé present system of dual 
numbering. The purpose of this memorandum is to 
discuss the actual gauge sizes or external diameters of 


injection needles in relation to the designated sizes as 
given by the Standard Wire Gauge or G numbers. 
The diameters of wires have been expressed by a 
variety o? wire gauges for over a century and a half. It 
is not surprising that a wire gauge has come to be used 
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for the description of the diameters of injection needles 
which are fine tubes with wire-like dimensions. The two 
independent characteristics of an injection needle are its 
length and external diameter; the latter corresponds to 
the equivalent standard wire gauge size. Wall thick- 
ness, and hence internal diameter, is another character- 
istic of a needle. The wall thickness is determined by 
considerations of the strength of the material used in 
manufacture of the needle. The standard wire gauge is 
an arbitrary scale,’ so the writer asked himself why the 
higher numbers refer to more narrow gauge needles and 
the lower G numbers the wider gauge needles. For 
example: 


Hypodermic injection needles 


Descriptive numbers 18G 19G 21G 23G 
External diameters 12 10 08 06 
(millimetres) 


The reason for this inverse relationship between 
descriptive numbers and external diameters is his- 
torical. In the nineteenth century, in commerce, the sizes 
of wire were estimated by certain more or less recog- 
nised standard wire gauges. The most commonly 
quoted was the Birmingham Wire Gauge also known 
as Stub’s Iron Wire Gauge. This gave forty measure- 
ments which bore no definite relationship to each other 
ranging from the largest, Number 0000 = 0.454 inch to 
the smallest, Number 36 = 0.004 inch; Number | was 
0.300 inch. A simple workshop Birmingham Wire 
Gauge instrument commonly used for measuring con- 
sisted of a piece of machined steel with appropriate 
gauge apertures at the periphery. Descriptive G 
numbers, not sizes, were used for identification on such 
notched gauges. 

Sir Joseph Whitworth, one of whose contributions to 
engineering was standardisation at a time when parts of 
machines were not interchangeable and screw threads 
and sizes were only used by one firm or workshop, 
recognised and vigorously advocated the advantages of 
standardisation. In 1857, Sir Joseph, by then of Man- 
chester, proposed a standard wire gauge which came to 
be generally recognised at a period when other arbitrary 
wire gauges tended to add to the general confusion. The 
Lancashire Gauge, for example, used as nomenclature 
the letters of the alphabet in addition to the numerals 
up to 80 for expressing the sizes of steel wire. Sir Joseph 
Whitworth's gauge ranged from one thousandth of an 
inch to half an inch by regular gradations of one 
thousandth.? Thus No. 1, the smallest, was 0.001 inch 
and No. 500 was 0.500 inch. 

In Great Britain, one wire gauge has been legalised. 
This is the one we now refer to as the Standard Wire 
Gauge? It apparently embodies features of the 
Birmingham Wire Gauge and the Whitworth Decimal 
Gauge in thousandths of an inch. Like the then well- 
known Birmingham Wire Gauge, there is an inverse 
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Fig. 1. Gauge size (inches) plotted against SWG numbers and 
reciprocals of G numbers. ——, G numbers; ——, G numbers/ 
reciprocals. 
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relationship between the descriptive G numbers and the 
actual gauge sizes. The main scale ranges from G1 
which measures 0.300 inch to G50 which is 0.001 inch, 
and there are fifty simple G numbers. There are, in 
addition, seven larger sizes allowed for; the descriptive 
numbers are 1/0, 2/0 ... 7/0. These range from 0.324 
inch for 1/0 to 0.500 inch for 7/0. 

The complete table of the Standard Wire Gauge is 
published.* At gauge 16, the actual gauge size in inches 
approximates to the reciprocal of the G number. 
Reciprocals of G numbers of injection needles of the 
size range commonly used by anaesthetists, have been 
utilised as a ready means of estimating the external 
diameters of such needles. The results, which are in 
inches, can of course be converted to millimetres by 
applying the factor, x 25.4. Figure 1 illustrates the 
relationship. The only wire gauge to be legalised in the 
United States of America by an Act of Congress is the 
Birmingham Wire Gauge (Stub’s).° Clearly, arbitrary 
gauge numbers are not self-explanatory and, in 
industry, gauge numbers are now being discarded. 
However, until metrication is complete the Standard 
Wire Gauge will continue to be used and a knowledge 
of what is implied by the term is helpful to all who 
regularly refer to it in their daily work. Both 
longitudinal and diametrical dimensions of injection 
needles can be readily described in millimetres, so the 
term SWG will, surely, be consigned to history. 
London Hospital, M.E. Davis 
Whitechapel, 

London El LBB 
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Kappa agonists in anaesthesia 


There seems, in my experience, to be a considerable 
difference between anaesthetics based on mu-agonists 
and anaesthetics based on kappa-agonists in poor risk 
patients. For example, after an intravenous induction 
with a barbiturate, when fentanyl and nitrous oxide 
anaesthesia is used in ASA 4 and 5 patients, profound 
hypotension develops and some of the ASA 5 patients 
never awaken. Conversely, when diazepam is used, 
followed by pentazocine and nitrous oxide anaes- 
thesia, there is no hypotension and even ASA 5 patients 
wake up although many, of course, die as a result of 
progression of their disease. 

It is clear that in some of these high risk patients, the 
cardiovascular system is maintained as a result of a full 
stress response. Mu-agonist drugs, like opiates, may 


involve the same mechanisms which are concerned with 
the maintenance of blood pressure. They add nothing 
to those of endogenous endorphins which are already 
high. Naloxone, a pure mu-antagonist, has been used to 
counteract the 30-called irreversible hypotension of 
shock. Kappa-agonist drugs provide satisfactory 
analgesia without involving the mechanisms which are 
connected with the maintenance of blood pressure. 
These drugs are also partial mu-antagonists, so they 
may be more suitable for high risk patients since they 
do not interfere with the natural stress reactions. 

Bul. Pacii 158 ap. 70 sect. 6, R. SIMIONESCU 
77 538 Bucharesi, 

Romania 


A possible case of red rubber sensitivity 


A 54-year-old female patient who weighed 68 kg was 
admitted with peritonitis. She required an emergency 
laparotomy, drainage of diverticular abscess and 
transverse colostomy. She had a past history of asthma 
with no known allergies; her hypertension was 
controlled with pindolol and clopamide. She was 
nervous and emotionally distressed; her arterial blood 
pressure was 110/70 mmHg and her pulse rate was 84/ 
minute. No abnormalities of the cardiovascular system 
and respiratory system were noted. She had received 
several uneventful general anaesthetics in the past. She 
did not smoke. 

Anaesthesia was induced with thiopentone 250 mg 
and suxamethonium 75 mg. An 8.5 mm cuffed red 
rubber tracheal tube was inserted into the trachea. 
Anaesthesia was maintained with fentanyl 0.1 mg, 
nitrous oxide 70 percent, oxygen 30 percent, enflurane 
| percent and atracurium was used for muscle relaxa- 
tion (G0-mg bolus with 10-mg increments every 
20 minutes). Automatic ventilation of the lungs was 
with a Manley ventilator with an inflation pressure of 
2.45 kPa and a tidal volume of 600 ml. The electro- 
cardiogram and arterial blood pressure were moni- 
tored. 

Twenty minutes after induction, the patient 
developed sudden marked bronchospasm, which failed 
to respond either to a bolus of aminophylline 250 mg 
administered intravenously over 10 minutes or to 
hydrocortisone 100 mg intravenously. Aminophylline 
250 mg and hydrocortisone 100 mg in 500 ml normal 


saline were then infused over 30 minutes. The ventilator 
tidal volume was increased to 800 ml and the inflation 
pressure to 3.48 kPa in an attempt to improve the 
ventilation and halothane was substituted for en- 
flurane. Temporary manual ventilation confirmed 
marked airway resistance. Auscultation of the chest 
during the aminophylline infusion showed that despite 
marked generalised bronchospasm, there was a variable 
intensity in the bronchospasm within the lungs; that is, 
the spasm varied from side to side and in different areas 
on the same side. 

Salbutamol! 0.7 mg was then administered intra- 
venously, diluted in water, over 15 minutes with no 
effect. Blood pressure and heart rate remained stable 
(110-130 mmHg systolic and 65-80/minute). The 
tracheal tube was slightly withdrawn to eliminate the 
chance that it was in contact with the carina: this also 
caused no improvement. 

These clinical observations over a 40-minute period 
suggested that there was a local focus of irritation, 
within the respiratory tract, which was triggering 
histamine release; the obvious culprit was the red rubber 
tracheal tube. A Portex tracheal tube was substituted 
with dramatic improvement in the bronchospasm, 
which disappeared within 20 seconds. 

This case raises many questions about exactly what 
precipitated the szvere and persistent bronchospasm in 
a patient who was known to be asthmatic. Several of the 
drugs used are known to cause histamine release. The 
delay of 20 minutes before the onset of the broncho- 
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spasm reduces the likelihood of the thiopentone or the 
suxamethonium being the causative agent. Atracurium 


was administered intermittently with no obvious . 


increase in the bronchospasm after any of the incre- 
ments. The stability of the heart rate and blood pres- 
sure could have been due to the pre-operative use of 
pindolol. The only part of the management that 
apparently produced any permanent improvement in 
the bronchospasm was the substitution of the red 
rubber tracheal tube. Before tracheal intubation, this 
tube had been lubricated with lignocaine gel and this 
may have delayed direct contact between the rubber 
and the tracheal mucosa. Watkins’ suggested 
the possibility of contact allergy response to red 


rubber tracheal tubes; this case may have been just such 
a reaction. 
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Cross-reactions of neuromuscular blocking drags and anaphylactoid reactions 


In their recent letter (Anaesthesia 1985; 40: 813-4) 
Watkins and Nimmo resolutely maintain the view that 
skin testing with neuromuscular blocking drugs is of 
doubtful value, that positive skin reactions to these 
drugs can be expected only in patients who have had 
previous exposure and that cross-reactivity to the drugs 
remains unproven. 

In a detailed immunochemical study based on the 
clinical work initiated by Fisher over a decade ago,'? 
we have unequivocally established the presence of 
reactive IgE antibodies in the sera of some patients who 
experienced anaphylactoid reactions to these drugs. 
The molecular basis of IgE antibody binding of six 
relaxants, alcuronium, tubocurarine, gallamine, 
suxamethonium, decamethonium and pancuronium, 
proved to be due to quaternary or tertiary ammonium 
ions present on all six drugs.>~° Immunological cross- 
reactivity was established by quantitative inhibition 
studies and inhibitory potencies in the nanomolar range 
left no doubt that the IgE antibodies were reacting with 
structurally similar determinants on the six different 
drugs. We would be most interested to learn if the views 
expressed by Watkins and Nimmo were formed with 
full knowledge of our immunochemical results and 
interpretations. If they were, we would welcome the 
chance to consider an alternative explanation(s). 

Watkins and Nimmo suggest that skin testing, both 
intradermal and prick testing, should be carried out 
only when clinical and laboratory evidence strongly 
implicate an immune mediated reaction, not direct 
histamine release. However, they ignore the weight of 
evidence demonstrating the involvement and relation- 
ship between case histories, skin tests, presence of 
neuromuscular relaxant drug reactive IgE antibodies in 
the sera and clear-cut immunological cross-reactivities 
between the drugs. One wonders which laboratory tests 
and what sort of findings Watkins and Nimmo would 
accept as evidence strongly implicating an immune 
mediated reaction. In our studies, over 60 percent of 
patients who experienced an anaphylactoid reaction to 


alcuronium had alcuronium-reactive IgE antibodies in 
their sera. In the case of suxamethonium the figure was 
approximately 90 percent.5~® 

The ostrich-like attitude to cross-reactivities of 
relaxants reflected in the letter of Watkins and Nimmo 
may also contribute to their belief that previous 
exposure to a relaxant is a neceasary prerequisite for an 
immunologically-mediated anaphylactic reaction to a 
relaxant. Given the involvement of substituted 
ammonium ions as allergenic determinants of neuro- 
muscular blocking drugs, and the widespread dis- 
tribution of these determinants in our environment, the 
dogma of prior exposure should not always be readily 
accepted without question. 

Watkins and Nimmo believe that the situation with 
regard to anaphylactoid deaths during anaesthsia is 
worsening. If this is so, it is not reassuring that 
investigators ‘whose work on this particular topic is well 
established’ can present recommendations based on an 
analysis that ignores a whole area of relevant research. 
This may, at best, be accepted as an oversight resulting 
in a lack of balance in the presentation of relevant 
scientific research findings; at worst, a view that ignores 
the existence of IgE-reactive cross-reacting allergenic 
determinants on relaxants could have dangerous 
consequences for some patients. 
Kolling Institute of Medical Research, B.A. BALDO 
Royal North Shore Hospital of Sydney, 

St. Leonards, NSW 2065 and 
Department of Medicine, 
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Neuroleptic-malignant syndrome 


It was interesting to read the account of hyperpyrexia 
and muscle rigidity following overdose of imipramine in 
a patient also taking parstelin (Anaesthesia 1985; 40: 
1097-9) but surprising that Dr Peebles-Brown did not 
mention the neuroleptic-malignant syndrome (NMS), 
of which this case has several features. 

A recent review! has defined the syndrome’s 
diagnostic features of extrapyramidal symptoms such 
as catatonia and rigidity, together with autonomic 
dysfunction including tachycardia and hyperpyrexia. 
Szabadi cites recent work which suggests super- 
sensitivity of dopaminergic receptors in the basal 
ganglia and hypothalamus as the cause of NMS. 
However, NMS may follow single doses of neuro- 
leptic drugs and does not necessarily occur on re- 
administration. 

Interestingly, no cases of NMS have been ascribed to 
tricyclic agents, but phenothiazines are commonly 
implicated (and the patient in question had taken 
parstelin which contains trifluperazine). Szabadi also 
points out the differences between NMS and malignant 
hyperpyrexia, in particular, that neuromuscular 
blockade is possible in NMS. 

Anaesthetists working in intensive care may be 
called upon to provide supportive and therapeutic 
manoeuvres in cases of hyperpyrexia and should be 
aware of NMS, that drugs administered during anaes- 
thesia may precipitate it and that it differs from 
malignant hyperpyrexia. 


Department of Anaesthetics, J.W. MACKENZIE 
St Thomas's Hospital, 


London, SEI 
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A reply 


Dr Mackenzie is quite correct to consider the inclusion 
of this case in the neuroleptic-malignant syndrome 
group, although, as he points out, it is not commonly 
associated with tricyclic compounds. Rigidity and 
hyperpyrexia are quoted in the data sheets for pheno- 
thiazines as possible side effects. This case nevertheless 
remains relatively unusual. 

The most important aspect of reporting this case is, 
I agree, to bring the possibility of this reaction, and its 
differences from malignant hyperpyrexia, to the 
attention of other anaesthetists and intensive care 
workers, once again. 


Basingstoke District 
Hospital, 

Basingstoke, 

Hants, RG24 9NA 


ANNE E. PEEBLES- BROWN 


Crystalloids are alive and well 


In their review of peri-operative fluid administration, 
Dr Twigley and Dr Hillman (Anaesthesia 1985; 40: 
860-71) advocate the abandonment of certain current 
practices of crystalloid administration in patients 
undergoing surgery. Far from sounding the death knell 
of crystalloids, they give impetus to the ongoing 
crystalloid—colloid controversy, and throw their weight 
on the side of the colloid therapists. They go on to say 
that minor or moderate surgery patients do not need 
intravenous fluid infusion, if they are to drink within 24 
hours, and suggest that it may be harmful. 


In hypovolaemic patients, the question of the best 
resuscitation fluid is, as yet, unresolved. The diversity of 
regimens recommended in the literature suggests that 
there is no one ideal therapy and that several kinds of 
fluid can be used if vital signs, urine output and, when 
appropriate, filling pressures are monitored.! There are 
numerous studies to show that administration of 
ctystalloids rarely causes problems of pulmonary 
oedema in the presence of a normal alveolar—capillary 
membrane.?~* In patients with leaky capillaries, 
colloids may léak across into the pulmonary oedema 
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fluid, causing delayed resolution.’ Colloids can also 
become trapped in ‘third space’ fluid, causing water- 
logging.” 

` In the presence of normal renal function, the kidney 
is the final determinant of fluid and electrolyte balance, 
provided a fluid providing balanced osmolar replace- 
ment, such as lactated ringers is administered. Colloids 
can, however, be used effectively in the initial phase of 
management in a patient who is severely hypovolaemic 
and hypotensive to restore circulating blood volume 
quickly. Most surgical patients, especially with hypo- 
volaemia, can tolerate electrolyte solutions because they 
can maintain an adequate colloid—hydrostatic gradient 
(colloid osmotic pressure~pulmonary artery diastolic or 
wedge pressure).* 

In the absence of conclusive proof about the 
superiority of one regimen over another in respect of 
pulmonary function, crystalloids appear to have 
theoretical and practical advantages: extra buffering 
capacity and improved renal protection. Nevertheless, 
in an emergency, the most important consideration is 
rapid administration of adequate: amounts, using 
whichever is readily available.® Crystalloids are easier 
to administer, are free from reactions and cost 5-10 
percent of the cost of colloids.® 

Ideally, all minor or intermediate surgical patients 
should have intravenous fluid therapy commenced 
prior to induction as a reliable vehicle for anaesthetic 
drugs, to counteract exaggerated pharmacological or 
adverse effects of any drug used during anaesthesia and 
to restore accumulated deficits. 

Replenishment of fluid deficits protects the patient’s 
homeostatic ability to compensate during induction 
and maintenance of anaesthesia. Surgery and anaes- 
thesia are stresses and the patient should not be further 
challenged by the denial of intra-operative fluids. 
Furthermore, should any adverse reaction occur, for 
example anaphylaxis, the fluid-replenished patient is 
more protected and will be self-evidently easier to re- 
suscitate with an intravenous infusion in place. 


Department of Anesthesiology, R.A. CAJEE 
Children’s Orthopedic Hospital and E.B. FURMAN 
Medical Center, 


and the University of Washington, 
Seattle, WA 98105, USA. 
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A reply 


Thank you for the opportunity to reply to the letter 
from Dr Cajee and Dr Furman. The answer to some of 
the specific questions in their letter gives me the 
opportunity to challenge some of the myths that are 
perpetuated in the continuing colloid-crystalloid 
debate. 

There are some studies which compare the use of 
colloids and crystalloids and do not demonstrate any 
difference between them, but the results often reflect the 
shortcomings of current techniques used to measure the 
more subtle forms of peripheral and pulmonary 
oedema. Unfortunately, the authors of this letter have 
chosen as a reference to support the contention that 
crystalloids do not cause pulmonary oedema,’ an 
excellent study which demonstrates the opposite. The 
group of patients resuscitated with isotonic saline in 
that study had an 87-5 percent incidence of pulmonary 
oedema, while the group resuscitated with colloid had 
a 22 percent incidence. Furthermore, it was a hetero- 
genous group of patients, including those with sepsis, 
who presumably would have had ‘leaky capillaries’. 
This, and other similar studies, which compare 
crystalloids with colloids in patients with ‘leaky 
capillaries’, indicate that colloid decreases rather than 
increases pulmonary and peripheral oedema.** 

The suggestion that the kidneys are the ‘final 
determinant of fluid and electrolyte balance’ is largely 
why we have been able to get away with such a great 
variety of peri-operative fluid regimens for so long. 
Even the most severe fluid insults are tolerated as a 
result of compensation by the kidneys. It is this 
mechanism that enables us to ‘tolerate electrolyte 
solutions’, and not the fact that the crystalloids main- 
tain an adequate colloid osmotic pressure (COP)}- 
pulmonary artery wedge pressure (PA WP) gradient. In 
fact, the opposite is true. Crystalloid solutions reduce 
the COP and are a very inefficient way of increasing 
PAWP, because they are mainly distributed to the inter- 
stitial space, not the intravascular space. Interstitial 
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fluid pressure rather than PAWP would be a better end 
point against which to titrate crystalloids. 

It is necessary to have intravenous access even in 
minor surgery, but it may not always be essential to give 
intravenous fluids. The ‘accumulated deficits’ in minor 


` surgery are minimal. If hypovolaemia, as measured by 


blood pressure, pulse rate and central venous pressure, 
occurs perioperatively, then it is more efficiently 
restored with fewer complications, by the use of a 
solution which is mainly distributed to that particular 
space, that is a colloid.* If adverse reactions, such as 
anaphylactoid shock occur, then adrenaline and colloid 
should be used rather than crystalloid fluid, most of 
which would not be mobilised from the interstitial space 
under such conditions. ‘ 

Crystalloid solutions have no theoretical or practical 
advantages in respect of pulmonary function, in fact 
quite the opposite.’ The buffering capacity of crys- 
talloids is an abused term. It infers that an expanded 
interstitial space acts as a reservoir for a sudden 
depletion in intravascular volume. The reserve would be 
more efficiently kept on the shelf in the form of colloid, 
rather than in the interstitial space, where it causes 
peripheral and pulmonary oedema. The so-called renal 
protection offered by crystalloids is also misleading: 
The kidney is best protected by renal blood flow, which 
depends on the intravascular space, not the interstitial 
space. The fact that crystalloids are cheaper than col- 
loids is also to be challenged. They are inefficient in 
restoring intravascular volume and therefore at least 
three times and up to ten times the amount has to be 
used. The cost of the increased morbidity from the 
complications of crystalloid would also have to be con- 
sidered. Crystalloids are no easier to give than colloids. 
Both involve a cannula, giving set and a flask at the 
given height above the patient’s heart. The reactions to 
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_ colloid are extremely rare.* In an emergency, the most 


important consideration is to correct the hypovolaemia 
rapidly with the most efficient fluid (colloid), rather 
than using whatever is readily available, which would ` 
largely depend on the supplies officer, rather than the - 
attending physician. 

Crystalloids are only ‘alive and well’ in those patients 
where there is a proven and clinically significant 
depletion of the interstitial space, not simply as a mind- 
less peri-operative ritual. á 


The Intensive Care Unit, K.M. HILLMAN 


The Liverpool Hospital, 
Liverpool, NSW, 2170, 
Australia 
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Epidural analgesia in the presence of fever 


The letter from Dr Behl about epidural analgesia in the 
presence of a fever (Anaesthesia 1985; 40: 1240-1) raised 
some interesting questions. A similar problem occurred 
to me recently when a 24-year-old primigravida, 39 
weeks gestation was admitted in established labour 
after an uncomplicated pregnancy. On admission she 
was apyrexial, normotensive and having regular painful 
contractions. The fetal heart rate was 140 beats/ 
minute with normal beat-to-beat variation. 

Lumbar epidural analgesia was established soon after 
admission and labour continued for a further 6 hours 
until the patient developed a sustained pyrexia of 39°C, 
though no focus. of infection could be found. The site of 
insertion of the epidural catheter had become erythema- 
tous, but this was probably not significant; however, the 
catheter was removed and analgesia continued with 


Entonox and intramuscular pethidine. An hour later, 
the fetus developed a persistent tachycardia of between 
180 and 220 beats/minute and a Caesarean section was 
undertaken under general anaesthesia. 

Direct laryngoscopy unexpectedly revealed gross 
oedema of the larynx and the posterior pharynx, which 
made tracheal intubation very difficult though not 
impossible. Anaesthesia and surgery were subsequently 
uneventful, though postoperatively, the patient 
developed a sore throat and tender lymphadenopathy 
of neck nodes, of viral origin, which resolved within a 
week. 

The question raised from this particular case ‘was 
should the epidural cathether have been removed? We 
not only denied the patient adequate analgesia for the 
last few hours of labour, but subjected her to the risks 
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of a general anaesthetic, compounded by the presence 
of laryngeal and pharyngeal oedema, the most likely 
cause of the pyrexia. 


The Royal Marsden Hospital, D.G. THOMAS 
Fulham, 


London, SW3 6JJ 


Priming volume of epidural equipment 


There continues to be a controversy about the exact 
dose of local anaesthetic and of adrenaline which 
should be administered as an epidural test dose. 

It is obviously the volume of fluid discharged from 
the end of the catheter which matters, rather than the 
volume which leaves the syringe. The difference, which 
is the priming volume of the filter and catheter, tends 
to be forgotten, 'even though it can represent a sub- 
stantial proportion of the test dose. 

The volume of saline required to prime 14 Portex 
epidural catheters and the attached filter was measured. 
Seven were fitted with Millex OR filters and seven with 
Portex flat filters. The volume required varied from 
0.7-0.8 ml, with the Millex filters, and from 1.0-1.1 ml 


with the Portex filters. 

Either the filter and catheter should be filled with the 
solution used for the test dose before insertion (thus also 
confirming the patency of the catheter) or the size of the 
test dose should be adjusted to compensate for the 
losses involved in priming. It would also be helpful if the 
manufacturers indicated the dead space of their 
products on the packaging. 


Department of Anaesthesia, J. OYSTON 
The Royal Victoria Infirmary, 
Newcastle upon Tyne, 


NEI 4LP 


Bradycardia and hypotension in spinal anaesthesia 


R.J. Purnell reported (Anaesthesia 1985; 40: 1245) a case 
of bradycardia and hypotension associated with spinal 
anaesthesia in a patient undergoing a transurethral 
resection of prostate. He attributed this event to the fact 
that the patient’was receiving verapamil and that the 
hypotension was aggravated, he postulated, by a 
dilutional hypocalcaemia as a result of the absorption 
of irrigation fluid. 

May I suggest that the bradycardia and hypotension 
were due to cardiac sympathoplegia. The author 
recorded that 2 ml heavy cinchocaine was used and that 


the level of block extended to Tio. However, the block 
may well have extended higher than this as time pro- 
gressed and is especially likely if a slight head-down tilt 
is employed, though this was not recorded in this case. 
Cardiac sympathetic fibres are Group B fibres and 
are exceedingly sensitive to local anaesthetics, so that 
sympathetic blockade may extend higher than the level 
suggested by loss of somatic sensation. 
Belfast City Hospital, C. MCLOUGHLIN 
Belfast, BT9 7AB 


Generalised oedema and epidural analgesia 


The report of Dr Kirby and Dr Ryan (Anaesthesia 1985; 
40: 709-10) on this subject raises practical points. In the 
presence of marked lumbosacral oedema, the oedema 
fluid causes dilution of the bupivacaine to a negligible 
concentration. The characteristics of the oedema fluid 
may be important and a protein rich oedema fluid, such 
as the authors found, might further remove bupivacaine 
by protein binding. Finally, the bupivacaine pKa may 
be altered in an oedematous area. 

This, at least, has been the clinical experience in this 
centre in grossly oedematous patients, as described by 


the authors. Intradural analgesia has been successful in 


‘these, though not as a continuous technique. Perhaps 


the leakage of fluid described was a mixture of cerebro- 
spinal and oedema fluid and their patient did not get a 
headache because the excess extracellular fluid helped 
maintain the intradural hydrostatic pressure at a level 
high enough to avoid symptoms developing. 
Department of Anaesthesia, . J. GARDINER 
Rotunda Hospital, 

Dublin 1 


Stability of diamorphine—sodium chloride solutions 


The letter from Dr Hain and Dr Kirk (Anaesthesia 1985; 
40: 1241) about the solubility of diamorphine hydro- 
chloride in 0.9 percent sodium chloride under the head- 
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ing ‘stability of diamorphine-sodium chloride 


solutions’ was interesting. They appear to have been 


using a solution of 0.5 mg/ml in sodium chloride 


D 


0.9 percent for parenteral infusion. We commonly use 
a similar solution, prepared immediately before ad- 
ministration, for epidural analgesia. Martindale’ warns 
that sodium chloride may precipitate diamorphine from 
concentrated solutions; by no stretch of the imagination 
could this stricture apply to 0.5 mg/ml or 0.05 percent. 
The experiment Dr Hain and Dr Kirk have carried out 
employed a solution 100 times this concentration. 
Please let it be made clear to your readers that con- 
cern about solubility of diamorphine is a complete red 
herring. Stability is the important factor. Surely it is well 
known that diamorphine hydrochloride in aqueous 
solution degrades spontaneously at room temperature 
to both 3- and 6-monoacetylmorphine and thence to 
morphine.' Why else would it be supplied as a powder 
in ampoules? By preparing it for slow infusion over 
many hours, your correspondents have hit upon a 
rather novel way of administering morphine to their 
patients! (Cost of diamorphine 5 x 10 mg ampoules: 
£3.36; cost of morphine 5 x 10 mg ampoules: £1.13.) 
The action of diamorphine is dependent upon its 
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metabolites, at least in part, if not entirely. It should be 
understood, therefore, that diamorphine is not more 
potent than morphine, as stated in the Extra Phar- 
macopoeia; rather, it is simply a lipid-soluble and 
therefore quick-acting version of morphine. It is thus 
capable of eliciting a kick when main-lined, unlike 
morphine, and thereby hangs its abuse-potential. 
Because of its more ready access to the site of action, the 
effect of diamorphine may be more profound initially. 
There can be little value in giving diamorphine rather 
than morphine by continuous infusion, even were this 
feasible, since speed of onset is largely irrelevant to such 
a mode of administration. 


Anaesthetic Unit, FELICITY REYNOLDS 
St Thomas's Hospital Medical School (UMDS) 
London, SE] 7EH 
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An unusual complication using a Butterfly needle 


Winged needles are commonly used for venous access 
during anaesthesia. Complications of their use are 
normally confined to loss of this venous access, either 
by blockage of the needle, or by the needle ‘cutting out’ 
of the vein. (In the latter case the possibility of tissue 
damage due to accidental subcutaneous injection of 
drugs can be a real problem.') The incidence of these 
complications varies from 15 percent reported by Sale? 
and 16 percent reported by Harvey? up to 39 percent 
reported by Duffey and Lee.* 

This is a report of the case of a thirty-eight-year-old 
patient who underwent surgery for routine haemor- 
rhoidectomy. Venous access was established using a 23- 
SWG Abbott Butterfly placed in a vein on the dorsum 
of the hand. Anaesthesia was then induced with 500 mg 
thiopentone and maintained with 33 percent oxygen in 
nitrous oxide, supplemented with halothane breathed 
spontaneously from a facemask and Mapelson A 
system. The operation lasted approximately 30 minutes 
and was uneventful; during this time, no further 
intravenous drugs were given. 

Initially in the recovery room the patient was restless. 
However, once he had become settled and had regained 
consciousness the Butterfly was removed. Examination 
of this indicated a large part of the metal needle was 
missing; an X ray of the hand (Fig. 1) showed this 
missing portion to be located close to the site of skin 
puncture (arrowed). 

The needle was subsequently removed under a second 
general anaesthetic without any further problems. In 
view of this case, perhaps examination of Butterflies 
removed in recovery wards should be more stringent 
than at present. 





Department of Anaesthetics, A.P. WHITE 
St Mary's Hospital, 


London W2 
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A reply 


Thank you for the opportunity of responding to Dr 
White’s case report of an incident with a 23G Butterfly 
needle which was, unfortunately, not returned to the 
Company for technical appraisal. 

A similar case was reported to us over 10 years ago; 
the metal shaft of a Butterfly needle fractured as a result 


Pain in the orbit: 


Spinal headache is a recognised feature in the first 3 
days after dural tap. It is often occipital, but may be 
vertical or frontal and pain may spread to the shoulder 
or in the distribution of cervical nerves.' Headache is 
initiated or made worse by adoption of sitting or erect 
posture. Often neck stiffness may be present. A case is 
described where pain in the orbit occurred after dural 
tap. 

A thirty-year-old, fit multigravida requested an 
epidural for pain relief during labour. She had no 
history of headache or migraine and she received no 
medication other than iron. She had had two epidurals 
in the past for pain relief during labour. On this 
occasion, the epidural was started in the left lateral 
position in the L3- 4 interspace. The epidural space was 
encountered with difficulty and only after a few 
attempts, but the catheter could not be threaded and the 
catheter and Tuohy needle were removed. There was no 
sign of dural tap. Epidural puncture was successful at 
the L2- 3 interspace and the catheter was passed. Again, 
there was no sign of dural tap. A test dose of 0.5 percent 
bupivacaine 2 ml, was followed by a dose of 6 ml 0.5 
percent bupivacaine for analgesia. The patient com- 
plained of severe pain in the left orbit. The level of block 
extended from Tj, to L, after 20 minutes. Hypotension 
responded to fluid infusion, but the patient was 
nauseated and vomited. Paracetamol was given for 
headache, which was relieved after a few hours. She 
required three incremental doses of bupivacaine, but 
there was no change in the extent of the block. The 
catheter was removed after delivery. Twenty-four hours 
later, the patient complained of a characteristic (spinal) 
headache with neck stiffness. She was treated con- 
servatively at first with fluid infusion, rest and anal- 
gesics but this failed to relieve the headache. An 


of restless movements of the hand during the immediate 
postoperative period in an elderly patient. This mis- 
fortune must occur extremely rarely, despite the wide- 
spread use of this type of needle during, and im- 
mediately after, operations. We agree that examination 
of winged steel cannulae after removal ought to be 
routine for doctors and nurses in a similar manner to 
that used customarily, for example, on withdrawal of 
epidural catheters. Existing experience does not, 
however, indicate that this a frequent problem. 


Medical Adviser, F.E. BENNETTS 
Abbott Laboratory, 
Queenborough, 


Kent, MEI1 SEL 


a feature of dural tap 


epidural blood patch was done the next day and the 
headache was relieved within hours. 

The causation of the headache is debatable,’ but the 
majority view favours low cerebrospinal fluid pressure 
from leakage from the dural puncture site. This results 
in changes in the haemodynamics of cerebrospinal fluid 
and loss of cushioning of the brain with pressure, and 
traction on the vessels and sensitive structures of the 
brain such as the basal dura and tentorium.? The pain 
occurred within 15 minutes of the epidural, so a change 
in haemodynamics is suspected. Dural tap was not 
obvious at the time, but subsequent clinical features 
suggested dural tap and, in fact, the diagnostic epidural 
blood patch did cure the headache. This procedure has 
been suggested in cases of unrecognised dural tap.* 

It is concluded that pain in the orbit may be a 
presenting feature of dural tap and we have experience 
of one other patient who had an obvious dural tap who 
also complained of pain in the orbit within half an hour 
of the incident. 


South Cleveland Hospital, C.M. KUMAR 
Middlesbrough, B. DENNISON 
Cleveland 
References 


1. ATKINSON RS, RUSHMAN GB, Lee JA. Synopsis of anaes- 
thesia, 9th edn. Bristol: Wright, 1982, 748. 

2. Bonica JJ. In: Obstetrical anesthesia: current concepts and 
practice. Schnider SM, Melbourne: Krieger, 1973, 174. 

3. ATKINSON RS, RUSHMAN GB, LEE JA. Synopsis of Anaes- 
thesia, 9th edn. Bristol: Wright 1982, 750. 

4. SHAH JL, Veness AM. Epidural blood patch using a catheter. 
Diagnosis of an unrecognised dural tap. Anaesthesia 1985; 
40: 1120-3. 


sy 


The Cadwe 3 





Faster updates... greater protection 


The Cadwell Sentry: a powerful new advance in monitoring 
evoked potentials during neuro-surgical cases. The only 
evoked potential monitor that gives you 15-second updates 
of ongoing neurologic activity. 


PUSH ONE BUTTON... 
Conpare with Standard 





The Cadwell Sentry immediately oneg Bae ee $ PE A lat ata oi Li 
directs your Cadwell evoked pupe ETE STT Oe MN N tae 
potential instrument, gathers, TAT 
processes, and displays the 10:21:49 ee wen os att | Compare with Previous 
averaged responses. ages a neat eno | 

a eet re : ; finp 

Y1 Jis oe ee See ee E ae ; 
ONCE EVERY 15 SECONDS wag i i Cor 
.. . And continuously measures Femi tin oei nd ni bat -L, 
each 15-second average for you, ese cone ee oS | Cop 
quickly alerting you to any critical lane ee er ace 
changes in waveform components. 
Stone fim Chow iam TR Huse abit 

ALL AUTOMATICALLY. OF OFF OF EEN 
ALL CONTINUOUSLY. 
È 


WORLD HEADQUARTERS 

Cadwell Laboratories, Inc., 1021 N. Kellogg Street, Kennewick, WA 99336 
Telephone: Washington State 5097356481 Telex: 152514 

EUROPE AND MIDDLE EAST 

Cadwell Europe Ltd, Still House, 29 East Street, Famham, Surrey GU9 7SW 


Malan wn. SNANCANN TANINAT Malae QLALCNY O OAOCONNN 





Defi 2 Central Station Modura Rail Medicart 8000 series Diascope 1 


multipurpose defibrillator up to 12 patients monitored The original Multipurpose trolleys designed the complete flexible single channel 


and recorded Danish Rail” system especially for medical use monitoring system compact ECG monitor 


Simonsen & Weel ... care 


Diascope 2 is a range of portable configured monitors. All. models include 
integral ECG and temperature amplifiers, together with a twin channel display 
incorporating alpha-numeric indication of heart rate and temperature. 

User specifiable parameter options include pressure (separate options for both 
invasive and non-invasive), peripheral pulse and respiration, while all units can be 
specified to include an integral chart recorder: 

The wide variety of options available means that the Diascope 2 can be used 
throughout the hospital in A&E, the Operating Theatre, ITU/CCU, or Special Care 
Baby Units. A battery option which can be specified into all available models 
allows transport within, or to-and-from the hospital. Another truly versatile range of 
monitors — further proof that Simonsen and Weel care... . . 


Simonsen & Weel Ltd. Ruxley Corner, Sidcup, Kent DA14 5BL Tel: 01-309 0433 Telex: 896328 
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Mask for child resuscitation 


A recent report! emphasised the importance of training 
nurses in cardiopulmonary resuscitation and stated that 
those on the scene of arrest should start resuscitation 
with a bag and mask. The most common cause of 
cardiac arrest in children is respiratory in origin, so 
initial resuscitation with bag and mask is critical. 

The Rendell-Baker Soucek mask? is regarded as a 
standard mask for paediatric anaesthesia, and it is often 
used as the mask for resuscitation. However, it is not 
always easy to obtain a good fit, especially when it is 
used by untrained personnel. There should be a mask 
which is easy to handle by everyone. 

We examined the Rendell-Baker Soucek mask and 
the new Laerdal mask in use on a CPR mannequin, to 
test their efficiency in terms of ventilation of the lungs 
and degree of leakage. Thirty nurses without special 
training in resuscitation participated in the study. The 
nurse held the mask on the Resusci-Baby (Laerdal) and 
performed bag and mask ventilation with the Laerdal 
child resuscitator. The resuscitator stroke volume was 
measured between the resuscitator and the mask. The 
lung inflation volume was also measured at the end of 
the mouth-to-lung tube of the Resusci-Baby. The dif- 
ference between the resuscitator stroke volume and lung 
inflation volume was called the leak. Student’s paired t- 
test was utilised for statistical analysis. 


Resuscitator Lung inflation 








stroke volume volume Leak Mean, 
Mean, mi (SD) Mean, mi (SD) ml (SD) 
Rendell-Baker 
Soucek mask 258 (30) 76 (63) 182 (58) 
Laerdal mask 248 (46) 196 (46) 52 (50) 
t-test NS p< 0.001 p<0-001 


A much greater leak was recorded with the use of the 
Rendell-Baker Soucek mask. The Laerdal mask 
provided a better seal around the mouth and made 
inflation of the lungs easier. The Laerdal mask seems, 
at least in inexperienced hands, much more useful for 
resuscitation purposes than the Rendell-Baker Soucek 
mask. 


M. YAMASHITA 
K. MOTOKAWA 


Department of Anaesthesia, 
Ibaraki Children’s Hospital, 
Mito, 311-41, 

Japan. 
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An unusual epidural needle 


This unusual Tuohy needle, which may be of interest to 
your readers, was found amongst some old anaesthetic 


equipment (Fig. 1). The needle is 16.2 cm long from tip, 


to hub. However, its shaft is short, 7 cm from tip to 
wings. The needle has, at the hub, Mackintosh wings 
and Odom’s indicator.! The latter is made of a glass 
capillary tube housed in a glass and metal cover. An air 
bubble in the capillary would be visibly sucked inwards 
when the tip of the needle enters the extradural space. 

A search of the literature has not revealed the origin 
of such a needle with the combination of wings and 
indicator and the writer would be most interested to 


hear from any of your readers who have seen this needle 
before. 

Department of Anaesthetics, S.M. MOSTAFA 
Selly Oak Hospital, 

Birmingham, B29 6J D 
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Nosworthy anaesthetic record 


Professor Norman's letter (Anaesthesia 1985, 40: 
1238-9) evokes a touch of nostalgia, for I too kept my 
first one hundred anaesthetics on Nosworthy cards. | 
also used to keep several hundred literature references 
on punched cards, and have worked in an anaesthetic 
department where all the anaesthetics (around 7000 a 
year) were recorded on an A4 size card. Į can assure 
Professor Norman that when more than a few hundred 
cards are kept, the cards are no longer easy to use, store 
or classify, nor are they even cheap. 

In the Städtischen Kliniken, Osnabrück, West 
Germany, the punched card anaesthetic record system 
has been replaced by a microcomputer program. The 
system, which has now been running for 3 years, has 
space for more than double the amount of information 


on the Nosworthy card, and yet can pack 
records onto two floppy discs. A search of 
year’s records to produce a tabular classifi 
patients’ age and sex and by surgical speciality 
to extract the numbers of cards on which a 
feature, or combination of features, has bee: 
takes around 12 minutes. 

I can supply those interested with deta 
program, which runs on the Apple HH series 
computer. 


Intensive Care Unit, P.H. 
Derbyshire Royal Infirmary. 
Derby 


Hazards with a Mediplast Coax 2 system 


We have experienced a serious problem recently with 
the Coax 2 Bain system manufactured by Mediplast, 
Sweden. Splits in, and complete detachment of, the (red) 
fresh gas tube from the angled fixed connector have 
occurred on many occasions in recent months. These 
always occur around the line of glue between the two 
pieces of plastic, at a point where kinking may often 
occur if one is not careful. 

The manufacturers tell us that this has not been 
previously reported. Contrary to their instructions, it is 
our practice to re-use this system, which is marketed for 
a single patient’s use. The British suppliers’ of the 
system tell us that this is common custom. However, we 
have noticed that this can occur after a single day's use. 

The first sign of wear is a partial, circumferential split 
in the tubing, which may then rapidly progress to a full 
thickness split or even detachment. We therefore 
recommend that kinking should be avoided when this 
system is in use. The (red) fresh gas tube should not be 
pulled or stretched and the junction with the angled 
connector should be inspected before, during and after 
every use. The system must be discarded and replaced 
at the first sign of any fault. The manufacturers might 
consider that a short rubber, or spring reinforced, sleeve 
should be introduced at this junction to prevent the 


fresh gas tube from kinking. 


Arrowe Park Hosptal, JE. 
Upton, 

Wirral, 

Merseyside, L49 5PE 


A reply 


My firm is not the manufacturer of this prodi 
do distribute the Coax | and 2 systems throu 
United Kingdom. 

We have not had this complaint before an 
it is difficult to visualise how cracking and : 
could occur. The red fresh gas tube is one ¢ 
length from distal to proximal end and is fir 
into position. 

The manufacturers do state that the Coax 
for single use only, although, of course. we 
that a number of anaesthetists do use therm 
than one occasion. 


Cory Bros, G.C 
4, Dollis Park, 
London, N3 1HG 


An improved pressure infusor 


Increased pressure is often applied to air above a fluid, to 
aid its rapid infusion, by means of a pressure infusor. 
This apparatus has several well recognised short- 
comings. Inflation of the bladder with the standard bulb 
is cumbersome, time consuming and, if performed 
repetitively, exhausting. When the bag of fluid empties, 
either the head of pressure, and thus the fow rate, 
decreases or more time and effort is needed to pump up 


the bladder. The use of an automatic tourniqe 
to power the pressure infusor has alre 
described.'! Inflation is thus quicker and 
physical exertion, and once the bladder is in 
pressure remains constant with higher 
infusion rates. However, unless the infusor 
manually deflated, difficulty and delay may o 
the fluid containers are changed. We ha: 





modified the apparatus to overcome this by attaching 
a suction outlet to the bladder, which thus allows active 
deflation. 

In our modification of a one-litre Abbott pressure 
infusor (Fig. 1), the bulb is removed and replaced by a 
three-way tap. The pressure infusor bladder is con- 
nected via the tap to the output from a Stille automatic 
tourniquet and to suction. The pressure infusor tap is 
opened to the automatic tourniquet box to inflate. The 
tap is turned 90° to connect the pressure infusor to the 
suction to deflate. 

This system works well in clinical practice and the 
advantages are demonstrated in Table 1. In summary, 
physical effort is not needed, less attention is required 
to work the apparatus, thus leaving more time for the 
patient, fluid is infused faster and active deflation using 
suction considerably shortens bag change-over times. 


D.R. GOLDHILL 
T.J. DINES 
A.J. CLARK 


Broomfield Hospital, 
Chelmsford, 
Essex CM1 SET 
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Table 1. 
Standard one litre Modified 

Times pressure infusor apparatus 
Inflation (seconds)* 26.4 19.4 
Infusion (seconds)t 223.4 172.8 

Without With 

suction suction 
Deflation (seconds) 46.1 20.8 5.0 
Bag change (seconds)§ 70.1 38.7 27.8 





*Inflation time to 300 mmHg pressure. 


+Time to infuse 500 ml of 0.9 percent NaCl pressurised to 300 mmHg through 


18-G Venflon cannula. 


{Deflation time from pressure of 300 mmHg until | Kg weight pulls empty fluid 


bag from pressure infusor. 


§Time to remove empty bag at 300 mmHg pressure, extract administration set, re- 


insert set into full bag and repressurise. 


The order of measurements was randomised. Results are average of five readings. 


Multiple cannulation of a single vein 


We read Dr Turtles’ letter (Anaesthesia 1985; 40: 1243) 
with interest. It is not clear, however, from the descrip- 
tion whether a theoretical technique or his actual 
clinical practice has been described. Unless vein dilators 
are used, large bore cannulae cannot be fed over 
ordinary guide wires because of the disparity in size. If 


vein dilators are used, then an extremely large bore 
cannula can be inserted over a small wire. Further guide 
wires could be inserted through the cannula for the 
purpose of establishing more than one central venous 
infusion. This would not be reasonable in practice. 
Firstly, it would be expensive and, secondly, it would 
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leave several small catheters traversing a large hole in 
the vein. 

It is far simpler to introduce a double- or triple-lumen 
catheter, using a single guide wire. These catheters are 
not widely used in this country, because of their high 
cost. We have used a double-guide wire technique in the 
internal jugular vein without complication in over 100 
patients for cardiac surgery. The first guide wire is 
introduced into the vein via a 1.1 mm (19-G) metal 
needle (Vygon Leader Cath 115.12). The wire is left in 
place and the needle removed. A second needle is then 
introduced into the vein, cephalad to the first wire, and 
the second wire inserted. The two catheters are intro- 
duced over the wires and firmly secured. The first 
catheter is not threaded over the wire at first, to avoid 
the risk of hitting it with the second needle. It is theo- 
retically possible that the wire might be hit with the 
second needle, but this has never happened in clinical 
practice. 


If the continuing morbidity and mortality associated 
with central venous catheterisation is to be minimised, 
the use of rigid cannulae over long needle devices should 
be phased out. These devices are particularly dangerous 
in the hands of the inexperienced clinician and when the 
vein is difficult to locate. Seldinger techniques are 
preferable. The suggestion that long cannulae with 
trocars should be inserted to their full extent before 
removing the trocar! is a recipe for mortality. 


LP. Latro 
P.J. HILTON 


Department of Anaesthetics, 
University Hospital of Wales, 
Cardiff, CF4 4XW 
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External jugular vein catheterisation 


Catheterisation of the external jugular vein is par- 
ticularly useful when no other peripheral vein is left for 
infusion and a central venous catheter is either useless 
or not required. The technique as well as the difficulties 
of this venepuncture are well known. One of the 
problems faced is that the jaw is often in the very place 
where either the syringe or the operator's hand needs to 
be in order to position the needle at the appropriate 
angle to the skin. This problem is often found in adult 
patients and is even more acute in neonates and infants. 
It may result in multiple skin punctures and, eventually, 
in failure to catheterise the vein. 

There is a very simple solution to this problem: one 
just has to bend the needle gently as shown in Fig. 1, so 
that the operator's hand can reach just over the 
mandible bone and allow proper venepuncture. This 
method has been used for over 100 patients, mainly 
premature neonates and infants, and was found to be 
fully satisfactory, even by operators who very seldom 
use the external jugular vein. 





Fig. 1. 
Departement d’Anesthesie— P. Bousu 
Reanimation, H. DREUX-BOUCARD 
Centre Hospitalier General, J.-F. AMIOT 
Robert Ballanger, J.H. PALACCI 


93602 Aulnay-sous-bois, France 


A simple aid to central vein cannulation 


A syringe with a spring-loaded plunger (Pallin, one 
hand aspirating syringe; Steriseal) can be helpful in 
confirmation of central vein venepucture. An aspirating 
syringe of this type may be attached to the hub of a 
cannula-over-needle or Seldinger-type needle. The 
spring is kept compressed until the point of the attached 
needle has been inserted through the patient's skin. The 


syringe can then be released, allowing the operator to 
devote his full attention to directing the needle; 
venepuncture is confirmed by a flashback of blood. 
Department of Anaesthetics, A. MACNEIL 
Raigmore Hospital, 

Inverness [V2 3UJ 
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Another aid for the insertion of nasogastric tubes 


The letter from Dr Conacher (Anaesthesia 1985; 40: 
1246-7) was interesting and prompts me to suggest 
another aid to the insertion of a nasogastric tube into 
patients with tracheal tubes in place and in whom the 
insertion of a nasogastric tube is difficult. My technique 
is similar to that of Dr Conacher. 

Most nasogastric tubes have side holes. The selected 
tube is passed through the nostril and its end is taken 
out through the mouth either manually or with the help 
of forceps. One metre of strong suture material (for 
example, Ligapak Linen Ethicon 135) is threaded 
through the eye of a half-circle strong needle (Steriseal 
Mayo’s trocar 35 mm No. 4) and passed through the 
distal two holes of the nasogastric tube. The two ends 
of the suture material are passed through 1 cm proximal 


to the distal end of the well lubricated large bore 
stomach tube (for example, Ch34 LeyMed, red rubber) 
with the needle. The two ends of the suture are pulled 
together to approximately the two tubes which are then 
advanced from the mouth into the oesophagus and 
stomach. The two ends of the suture are held firmly and, 
when the position of the nasogastric tube has been 
confirmed, one end is released and pulled out. The 
stomach tube is then removed. This technique has been 
useful for difficult cases in whom the insertion of the 
nasogastric tube has been achieved without trauma. 
South Cleveland Hospital, C.M. KUMAR 
Marton Road, Middlesbrough, 

Cleveland 


Evaluation of Ivac 560 volumetric pump 


Drs Hutchinson, Yeoman and Byrne (Anaesthesia 1985; 
40: 996-9) report on an evaluation of the Ivac 560 
volumetric pump. The continuing evaluation pro- 
gramme sponsored by the UK Health Departments also 
features infusion instruments and the Ivac 560 is 
evaluated in Health Equipment Information (HED 
No. 147, October 1985. The DHSS, programme is 
essentially one of comparative evaluation in the form of 
a best buy guide and your readers may be interested to 
compare the format and findings of the HE] evaluation 
with the Hutchinson paper, For example, some 10 
points of non-compliance with BS 5724 Pt 1 were found 
on the DHSS model tested. 

The Anaesthesia article refers to HEI No. 96 of 
September 1981. This is perhaps not the most ap- 


propriate issue, since it was mainly concerned with drip 
rate pumps and controllers, whereas the Ivac 560 is a 
volumetric pump HEI 96, 106, 116, 125, 135 and 147 
have been devoted to infusion pumps. 

The DHSS is attempting to make HEI more widely 
used in NHS purchasing and comments on the 
publication to the editor are always welcome. Forth- 
coming evaluations are announced in each issue; further 
information is available on request. 


Department of Health 
and Social Security, 
Scientific and Technical Branch, 
14 Russell Square, 
London WC1B SEP 


D.B. REVELL 
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Current Topics 
Postoperative Pain 


in Anaesthesia. Management of 


MarGarET E. Dopson. Pp. 274, Edward Arnold, 
1985. £27.50. 


The management of postoperative pain has tradition- 
ally been delegated to ward nurses who may give out 
drugs only at times better suited to off-duty schedules 
than to patients’ needs. They are, in turn, supervised by 
novice and harassed house surgeons who may have 
little knowledge of the surgery involved (let alone the 
analgesics and techniques available), and may then 
attempt to carry out the orders of anaesthetists, who 
from lack of inclination or time, may never witness the 
consequences of their prescriptions. That patients sur- 
vive the postoperative ordeal is more a tribute to their 
fortitude than to a team approach for providing satis- 
factory analgesia. Perhaps surgeons would not embark 
on painful surgery if they had to manage the pain them- 
selves, and maybe anaesthetists would not so lightly 
prescribe potent drugs if they were more aware of the 
consequences? 

In this new volume of the Current Topics in Anaes- 
thesia series Dr Margaret Dodson sets out, almost 
single-handed, to provide the information to correct the 
current mismanagement of postoperative pain. Dr 
Barbara Pleuvry also added her specialised con- 
tributions to the chapters on pharmacokinetics, the 
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pharmacology of analgesic drugs and loca! anaes- 
thetic drugs while Dr Booker and Dr Nightngale 
contribute to postoperative analgesia in children. 
Otherwise, the remaining nine chapters are all written 
by the principal author. 

Virtually every aspect of postoperative pain is 
covered, referenced and put into perspective. This 
ranges from psychological preparation to how to 
conduct a controlled clinical trial on postoperative 
analgesia, and from acupuncture to patient-controlled 
analgesia. Omissions relate almost entirely to imminent 
development, such as the potential for transcutaneous 
preparations of analgesics. 

The reader is lead from discussion of the physiology 
and psychology of postoperative pain through chapters 
on pharmacokinetics and pharmacology on to the use 
of the various drugs. Some will find the occasional lapse 
into personal observation a welcome diversion from the 
otherwise meticulous and reasoned consideration of the 
available data. Each chapter is followed by a com- 
prehensive, accurate and useful list of relevant, up-to- 
date references. The emphasis on UK practice is 
illustrated by the lack of mention of sufentanil or USA 
names for drugs. The proprietary names of systemic 
analgesic drugs are not given, which is sensible encugh 
in cost conscious Britain, but may reduce the book’s 
value abroad. 

The current vogue for intraspinal opioids is ex- 
tensively and sensibly covered, but thoracic epidural use 


ak: 
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of local analgesics is scarcely mentioned in the text and 
not at all in the index, which lacks reference to side 
effects, vomiting, phantom limb pain, suxamethonium 
pains or other nonsurgical postoperative pain. Intra- 
spinal morphine is used as the prime example of 
intraspinal opioids, whereas the other intraspinal 
opioids are described only in tables. However, the 
inclusion of nearly 150 references to this topic alone 
ensures that the interested reader can find ample 
information. 

The young and the elderly receive individual 
attention, and the problems peculiar to patients with 
liver, kidney or respiratory diseases are also included. 
The final chapter on ‘The Way Forward’, could have 
provided the basis for defining who is actually to take 
responsibility for managing the patient’s pain, but that 
thorny problem is evaded. Perhaps postoperative pain 
‘teams’ will eventually develop to anticipate and control 
postoperative pain, much as the familiar parenteral 
nutrition teams, but the surgeon, anaesthetist and nurse 
would then be spared from viewing the results of their 
own inadequate management. In the meantime, this 
excellent book will provide much of the necessary 
information to remove all excuses for failing even to 
attempt to produce proper postoperative pain relief. 


C.E. BLOGG 
Anaesthesia for Eye, Ear, Nose and Throat Surgery 


J.D. Morrison, R.K. MIRAKHUR AND H.J.L. CRAIG. 
Pp. 210, Churchill Livingstone, Edinburgh, 1985. 
£25.00. 


This is a second edition. It is perhaps an indication of 
the increasing complexity which we have introduced 
into our specialty that we need a book on the subject 
rather than the time-honoured instructions ‘put the 
tube in the mouth for nasal operations and in the nose 
for oral operations!’. 

Sections are devoted to the nose, the throat, the ear, 
faciomaxillary injuries and eye operations. There is a 
presentation of the anatomy of each region, the 
pathology of related diseases and comments on the 
common surgical operations undertaken. Anaesthetic 
techniques are described, as are likely postoperative 
complications and their anaesthetic implications and 
management. Each chapter ends with a useful biblio- 
graphy. 

General guidance is given on anaesthesia, local and 
general, for operations at the head end of the patient. 
Unfortunately, as the head is attached to the rest of the 
body, anaesthesia is still complicated by medical 
problems met in other situations and the authors felt 
that they had to comment on these as well. The result 
is a series of very superficial attempts to cover broad 
topics; the management of diabetes is dealt with in one 
paragraph! It would have probably been better to 
recommend to readers that they seek information on 
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such subjects elsewhere. The anatomy sections may be 
more detailed than is necessary, but at the same time are 
probably not sufficiently comprehensive for the serious 
student who should consult a textbook of anatomy. 
Some omissions come readily to mind; the only 
sinus considered is the maxillary sinus and trans- 
sphenoidal hypophysectomy does not rate a mention. 
Comment on the increasing cooperation between ENT 
surgeons and ophthalmologists with neurosurgeons 
might also have been expected. However, the book does 
provide an overview of the subject and provided it is 
treated in th:s way, it will be useful for the trainee 
anaesthetist or the consultant who dabbles only 
occasionally :n these spheres of activity. Much of the 
text is, and probably has to be, rather repetitive, so it 
is better not žo read the book at one sitting, but rather 
to dip in and read the sections which relate to a specific 
problem, more as a reference book than as a text. 


W.R. MAcRAE 


Anesthesia for ambulatory surgery 


Edited by E.V. WETCHLER. Pp. 476, Harper and Row 
Ltd, 1986. £49.50. 


This is a well produced textbook, edited by Dr Bernard 
V. Wetchler, the Medical Director of the Ambulatory 
Surgery Center, the Methodist Medical Center of 
Illinois. Thzre is a need for this book and the editor 
should be congratulated for selecting 18 expert 
contributors in the day case surgical field; there are a 
mixture of hospital doctors, nursing staff and ad- 
ministrators. 

The recent report on the Guidelines for Day Surgery 
from the Royal College of Surgeons of England has met 
with a mixed reception. Wetchler’s book, therefore, 
should be compulsory reading for all enthusiasts and 
opponents of day surgery. It was refreshing to read in 
the first chapter that the Americans unashamedly 
support planned programmes of ambulatory surgery in 
order to save money for both patients and insurance 
companies alike. Perhaps this frankness could be 
matched by many British District Health Authorities 
with overspending problems this financial year. If day 
surgery is carefully planned, it can provide a safe, cost 
effective form of hospital care. 

There is no comparable textbook published in 
Britain. The book has 10 chapters, each giving excellent 
advice with up-to-date references. Apparently, many 
Americar hospitals perform 30 percent of their total 
surgical workload as day cases. So successful has this 
been, that there are now 350 free-standing surgical 
centres throughout the USA. And to think that we in 
Britain continue to debate the pros and cons of day 
surgery! 

It is acknowledged that American medicine is con- 
siderably different from established conservative 
British practice. However, the chapter on the organ- 
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isation of a successful day surgical unit will be of 
especial interest to any British surgeon or anaes- 
thetist asked to establish an effective outpatient surgical 
service. Detailed information is given on the selection of 
a site, the constitution of the planning committee and 
the fundamental requirements for a successful venture. 

Naturally, as in any good American book, there is a 
chapter on legal implications. The importance of good 
pre-operative patient selection, the performance of 
appropriate investigations and safe discharge guide- 
lines are repeatedly stressed in this chapter. Interest- 
ingly, the American public do not appear to sue their 
ambulatory surgicenters. When patients are treated as 
individuals by senior medical staff, the threat of 
litigation is reduced. However, this chapter on legal 
matters also discusses office surgery, a model which 
will, I hope, not be copied in Britain. 

There are excellent chapters on the anaesthetic 
management of paediatric and adult day cases. At the 


editor’s unit, a total of 295! patients over the age of 6G . 


years were operated upon from 1981-3. The inpatient 
admission rate from this group of patients was 
0.8 percent. As the British geriatric population increases 
more day surgical facilities for the elderly must 
surely develop. These patients should be assessed on 
physiological rather than chronological age. 

The chapter on local and regional anaesthesia is most 
appropriate in a textbook on ambulatory surgery. The 
Americans perform a great deal of their day surgery 
under local anaesthesia and this is frequently used for 
postoperative pain relief. There then follows an infor- 
mative chapter on the complications after day surgery. 
The main surgical worry is postoperative haemorrhage, 
whereas the anaesthetic morbidity is of a minor nature, 
e.g. nausea, dizziness and headache on return home. 

The book is expensive, but I thoroughly recommend 
it and a copy should be available in every department 
library. Furthermore, the subject should be brought to 
the attention of medical students, nurses, surgeons, 
hospital administrators and district treasurers. For 
instance, of the ten most commonly performed surgical 
operations in America, six are done routinely as day 
cases: biopsy, dilatation and curettage, excision of skin 
lesions, tubal occlusion, cataract surgery and her- 
niorrhaphy. In the present economic climate, Britain 
requires imaginative, carefully planned day surgical 
programmes. The editor of this book is warmly con- 
gratulated for the clear and thorough way he has treated 
his subject. 


T.W. OGG 


Cardiac Arrhythmias (Practical Notes on Interpretation 
and Treatment) 


D.H. BENNETT. Pp. 194, Wright, 1985. £9.95. 


This really is quite a good little book, although it 


has been written with all junior hospital doctors in mind 
and not specifically anaesthetists. Its 20 short chapters 
describe, in simple terms, the main cardiac dys- 
rhythmias, the problems in their interpretation and the 
practical aspects of their investigation and treatment. It 
is meant to be read as an introduction to the subject and 
not as a reference source in which to read up about a 
particular problem. Given the limited scope it can be 
recommended as a readable, sensible and clear intro- 
duction to the main disturbances of cardiac rhythm. It 
would be useful to anaesthetists early on in their 
training, although others may also find it of value. An 
alteration of cardiac rhythm is quite a common side 
effect of general anaesthesia. The most common of 
these disturbances, sinus tachycardia, junctional 
(nodal) rhythm and ectopic beats, do not usually cause 
anaesthetists problems in interpretation, but other quite 
common disturbances do (such as bundle branch 
blocks). This book may help anaesthetists of all levels 
of experience, get some of these sorted out. 

For an anaesthetic readership there are some obvious 
shortcomings. Principal amongst these must be the fact 
that to understand and appropriately treat peri- 
operative cardiac dysrhythmias, anaesthetists have to 
understand the underlying causes of a disturbance in 
cardiac rhythm. For example, to understand why 
halothane sensitises the heart to catecholamines but 
isoflurane does not (and may be actually anti- 
dysrhythmic in certain circumstances), depends on 
understanding the role of altered conduction velocity in 
cardiac impulse re-entry. This book does not review the 
mechanisms of cardiac dysrhythmias at all. Indeed, the 
word re-entry does not appear in the index. In fact, the 
only entry under R is the Romano-Ward Syndrome, 
which is congenital prolongation of the Q-T interval; 
this is indeed of importance to anaesthetists as serious 
dysrhythmias, including ventricular tachycardia, may 
occur during anaesthesia. For a review see Anaesthesia 
and Intensive Care 1982; 10: 50. 

This is a good, but in terms of scope, fairly simple and 
modest book. After I read it I did the quiz at the end 
of the text and only scored one wrong answer (complete 
AV block in lead AVR; what looked like P waves were 
due to somatic tremor because of Parkinson’s disease!). 
This fact says more for the book than any review ever 
could. 


R.M. JONES 
Anaesthetic Equipment 
C.S. Warp. Pp. 371, Bailliere Tindall, 1985. £22.50. 


It is a pleasure to review the second edition of Anaes- 
thetic Equipment. The first edition was popular in the 
UK, mainly because its only rival was American. It was 
written for anaesthetists, but proved of interest to 
others involved with our specialty. Because of this, the 
target readership for this edition has been widened to 


“+ 


interest service engineers and technical representatives 
of the anaesthetic equipment industry. 

The book begins, with this audience in mind, with a 
basic glossary and list of abbreviations. This is followed 
by an account of physical and mechanical principles, 
pneumatics and fluidics. The technology of anaesthesia 
is then described clearly and succinctly, beginning with 
the supply of medical gases and vacuum systems, 
continuing with vaporizers, continuous flow and 
intermittent flow anaesthetic machines, followed by 
chapters on breathing systems, masks and tracheal 
tubes. 

Manual and automatic ventilators, are discussed but 
some of the examples are obsolete. This is acknow- 
ledged in the preface, because these machines show the 
principles clearly but the Philips AV-1 and several 
others are poor choices since very few were sold. The 
latter part of the book has chapters on humidifiers, 
monitoring (of anaesthetic machine function), 
pollution, suction and sterilisation. There is also an 
interesting section on hazards and the psychology of 
accidents and electrical safety. In a more administrative 
vein there are suggestions about anaesthetic room 
layout, management and organisation of supplies and 
Maintenance. 

Many valuable tips and hints are liberally scattered 
throughout the text and there is a useful address list of 
suppliers which has some frustrating omissions—where 
does one obtain a Whistle Discriminator? (Principality 
Plastics, Rogerstone, Newport, Gwent—Editor). 

-The book should have a wide international reader- 
ship because equipment for use in the Third World is 
described in the same detail as that which is used 
elsewhere. It should be purchased by all trainees. 


J.T.B. MOYLE 


Understanding Anaesthesia Equipment. Construc- 
tion, Care and Complications (2nd Edition) 


J.A. Dorscu AND Susan E. Dorscu. Pp. 458, Williams 
and Wilkins, Baltimore/London, 1984. £49.00. 


The text of this new edition fulfils its title but, as with 
the first edition, it is spoilt by the quality of the illustra- 
tions. The contents progress from the supply of medical 
gases by cylinder and pipeline systems, through anaes- 
thesia machines and vaporizers, breathing systems to 
masks, airways and tracheal tubes, but there is no 
mention of automatic ventilators for anaesthesia or of 
suction apparatus. There are new chapters on con- 
trolling trace gas levels, hazards, equipment checking 
and maintenance (the latter contains a ‘cockpit drill’). 
The equipment is more recognisable to a British reader 
than that in the first edition, presumably this is a 
consequence of the take-over of Ohio by British 
Oxygen. 

_ Most of the chapters begin with a description of the 
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physical principles underlying the components under 
discussion, but the depth of theory is very variable. The 
Systéme Internationale is not used. The description of 
intermittent flow machines has been eliminated because 
they are only of historical interest since the last edition, 
but certain devices, which are still in common use have 
also disappeared: the Goldman vaporizer, the Boyle's 
bottle, and the E.M.O. Vaporizer. There is no mention, 
of any apparatus for anaesthesia in the Third World or 
for military, field anaesthesia. 

This book would be recommended if the illustrations 
were of better quality. There are many good photo- 
graphs, probably provided by equipment manufac- 
turers, but others are spoilt, for example by using a 
carpet as a background. Many of the diagrams look as 
though they are black and white prints from colour 
transparencies. 

This new edition may find a place in the departmental 
library as a reference text, but cannot be recommended 
for personal purchase by examination candidates in this 
country, especially since the 2nd edition of Ward’s 
Anaesthetic Equipment has now been published. 


J.T.B, MOYLE 
Monitoring in Anaesthesia and Critical Care Medicine 


Edited by C.D. Burtt. Pp. 740, Churchill Livingstone, 
Edinburgh, 1985. £79.00. 


This is an edited book with 35 authors and 28 chapters. 
According to the editor’s preface, the foremost reason 
for producing the book ‘was the need ... for a complete, 
state of the art text on monitoring, with an emphasis on 
the fields of anesthesia and critical care medicine’. In 
addition, ‘the book is designed to be a general reference 
on monitoring’. It is divided into 6 sections: Section 1, 
General Principles; Section 2, Monitoring the Cardio- 
vascular System; Section 3, Monitoring the Respiratory 
System; Section 4, Monitoring the Central Nervous 
System; Section 5, Miscellaneous Monitoring; and 
Section 6, Monitoring and Subspecialties. The book is 
strongly bound with an excellent index. The text is 
arranged in double columns and there are very few 
typographical errors. The print is clear and, with a few 
exceptions, the line drawings convey their message well. 
The standard of photographic reproduction is, how- 
ever, less commendable and in my copy falls below that 
which one might expect from a book of this price. 
One has come to accept that with edited books there 
will be a variation in both the standard of content and 
the style of writing between chapters. This is certainly 
true here, and in several of the chapters the authors 
appear to have been given, or to have assumed, a some- 
what wider brief than that suggested in the preface. It 
is, for instance, difficult to justify descriptions of the 
pharmacology and clinical usage of antidysrhythmic 
agents, the detailed structure and abnormalities of the 
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haemoglobin molecule, or the physiological changes of 
pregnancy. It is obvious that these matters are relevant 
in the choice of physiological variables to monitor, but 
they could easily have been referred to very briefly with 
an authoritative source in the references. There are 
intrusions of this nature in several of the chapters and 
one found them very distracting in the search for the 
details of monitoring itself. The degree of repetition is 
too great to be acceptable: for example, indications for 
the use of the Swan-Ganz catheter appear in five 


chapters, and methods of approach to the central veins: 


are described twice. 

The book has a wide coverage and, in contrast to 
other textbooks on monitoring, there seemed to be no 
omissions of major subjects. The book succeeds to this 
extent in achieving the objective stated in the preface. 
All the chapters (apart from one) reach a high standard 
with respect to the actual information on monitoring 
and the authors have tried hard to pursue the practical 
ramifications of their subject matter. There is a sensible 
selection of figures from original papers to illustrate the 
arguments of the text, and there are really very few 
instances where pragmatism replaces a balanced view. 
The book is outstanding as a source of references and, 
in contrast to many American textbooks, includes 
European journals as well. 

So, what is this reviewer’s conclusion? All aspects of 
monitoring are considered well, but it would have been 
a better book had it been half to two-thirds of its present 
length. The amount of information not directly related 
to monitoring detracts from its central theme and, 
although one accepts that each chapter must to a certain 
extent stand alone, the degree of repetition is excessive. 
Despite these shortcomings, because of its encyclo- 
paedic nature and the number of references, it is still 
probably worthwhile for a departmental library. 


P. HUTTON 
1985 Yearbook of Ansesthesia 


R.D. Murr, RR. Krey, G.O. OSTHEMER, L.J. 
SAIDMAN AND R.K. STOELTING. Pp. 395, Year Book, 
1985. £41.00. 


There are four concerns in a selective précis of the 
literature. Does it cover a broad field (73 journals)? Are 
the selection of articles interesting and properly 
summarised? Are they commented on with punch? Is 
there any mention of the reviewer’s articles? All counts 
can be answered positively in this book. It is a good 
selection and the comments are startling at times. The 
book opens with a chapter on the Informed Anaes- 
thetist. An article on Addiction and Anaesthesiology 
produces the comment: ‘Addiction especially to 
fentanyl, among anaesthesia residents and faculty is 
near epidemic in its incidence. It is a major problem on 
which we need to place great emphasis’ (RDM). One 


must not seem to be complacent, but this is not the case 
here, in the United Kingdom. Is it just in California? In 
a Pharmacology Chapter, as a comment on plasma - 
concentrations of catecholamines following adrenaline 
infiltration there is a new (7) case report of cardiac arrest 
occurring with an overdose of adrenaline imfiltrated 
with halothane anaesthesia. The circulating nurse is 
ungallantly (and atypically for the author) and im- 
properly, in my view, blamed in a racy account (GWO). 
Indeed GWO’s commentaries bear study. It must be 
unwise, although innocuous in this case, to review an 
article of one’s own (RDM) Pharmacokinetics and 
transfer of vecuronium or from one’s own department 
(RDM and LJS). 

The general level is good. The chapters cover a wide 
spectrum of interests, grouped in subjects such as 
Anaesthetic Rules, Techniques, Certain Types of 
Surgery, Monitoring Postoperative Problems, Ven- 
tilation, Critical Care and Intraspinal Narcotics. Some- 
times the logic in the commentary is suspect or so 
hedged as to be meaningless. For instance, in references 
to postoperative pain relief, RKS comments ‘Con- 
tinuous, but appropriately controlled, intravenous 
infusion of an opioid will eventually, I believe, gain 
logical acceptance for postoperative analgesia in 
selected patients’. Hm! No doubt. But what is meant by 
appropriate and selected? 

It is fun to read the commentaries which are often 
interesting and rarely outrageous. The selections are 
sufficiently well chosen so that even a diligent clinician 
would not normally have time to read many in their 
original. This has always been a good series; this volume 
is even better. It is a must for every departmental library 
and bedtime reader. 


M. ROSEN 
A Doctor in Saudi Arabia 
G.E. Moroney. Pp. 376, Regency Press, 1985. £12.50. 


The cover notes of this book say that the author’s reason 
for writing it was the absence of an equivalent work 
when he himself was set to depart for Saudi Arabia. The 
book is intended as an introduction, a scene-setter, to 
life in Saudi Arabia for expatriate workers, specifically 
in the field of medicine. Much of the book recounts the 
author’s own experiences anecdotally, but Professor 
Moloney has tried to choose episodes from his 5-year 
reign as Professor of Surgery in Riyadh which best 
illustrate the information the initiate would wish to 
know. 

The book is written in four sections. The first 
provides an account of the author’s arrival in Saudi, and 
is fairly brief. It prepares the intending traveller in a 
general way for what to expect from his first exchanges 
with the local people, whilst not attempting to present 
a ‘checklist’. Things have moved fast in Arabia and 


doctors travelling on contract to Saudi nowadays have 
a smoother ride than did Professor Moloney 8 years 
ago. 

The second section is a synopsis of Saudi history and 
its relevance to present-day Saudi. It includes bio- 
graphies of the kings of Saudi Arabia and also Law- 
rence of Arabia, who is apparently the subject of much 
interest in Saudi. The section includes a most inter- 
esting, though compressed part on the twentieth 
century history of the middle east, though older readers 
may remember events themselves. 

Thirdly, Professor Moloney recounts a selection of 
tales of his travels within the country. Taken as a whole, 
this part not only shows the reader the kind of sight 
which is worth seeing, but also encourages him that 
such tours are not too difficult to arrange. The author 
certainly makes light of the discomfort he occasionally 
suffered during his journeys. 

Lastly, the review of Saudi medicine is a useful section 
for people intending to practice medicine, but also of 
interest to others. It is written with a minimum of 
technical terms so that the layman will understand it, 
and here, as elsewhere, the author demonstrates an 
ability for rich and colourful description mixed with dry 
humour. This is well illustrated in a beautiful, poetic 
description of the pathophysiology of schistosomiasis. 

The book is liberally illustrated with black and white 
photographs, although many of these are very amateur 
snapshots. Overall, it is an easy book to read, and 
through the vehicle of describing his own experiences, 
and by allowing himself to range over any relevant areas 
of history or medicine at large when appropriate, the 
author has made the book interesting. It is relatively 
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inexpensive and well worth a leisurely read by anyon 
with an interest in Saudi Arabia, but who knows littl 
of the subject. 

N. Grove 


Brief Reviews of books received by the Editor 
Health Equipment Information No. 153: Evaluation o 
Resuscitators 


A second report has been published about manual adul! 
and child models which includes Aga Revivator, Air- 
Viva 11, Ambu Mk MI, Flynn, Laerdal Silicone. 
Söhngen ‘P’, New Sussex Basic and Universal models. 
Vitalograph Rubber and Silicone models and Wein: 
mann Combibag. 


Capnography in the operation room: an imtroductory 
directory 


W.S. May JR., J.E. HEAVNER, D. MCWHORTER AND G. 
Racz. Pp. 64. Raven Press, 1985. $14.00. 


This minuts spiral-bound book is Perkin Elmer’s 
answer to the huge atlas of capnography distributed a 
few years ago by Datex. This one is based solely on the 
Perkin-Elmer mass spectrometer system which is one of 
two or three systems currently so popular in the United 

tates. It demonstrates the usual patterns of exhaled 
carbon dioxide concentrations as tracings and the 
numerical outputs which, although familiar to all those 
who have used the system, provide the single best 
example of the need for the use of a coherent system of 
units in respiratory physiology. 
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Abdominal surgery 


Intraluminal Pco,: a reliable indicator of intestinal 
ischemia. Bass, B.L., SCHWEITZER, E.J. et al. Journal 
of Surgical Research 1985; 39: 351. 

Changes in colonic motility during the development of 
chronic large bowel obstruction. Coxon, J.E.. 
Dicxson, C., TAYLOR, I. British Journal of Surgery 
1985; 72: 690. 

Hypovolaemic and healing in colonic anastomoses. 
Foster, M.E., Laycock, J.R.D. et al. British Journal 
of Surgery 1985; 72: 831. 

A noninvasive method for monitoring intestinal 
ischemia. Changes in pulmonary clearance of helium 
instilled in colon as an index of colonic blood flow. 
GERSTMANN, D.R., WAFFARN, F. et al. Pediatric 
Research 1985; 19: 1025. 

Studies of the antidiarrhoeal action of clonidine effects 
on motility and intestinal absorption. SHILLER, L.R., 
SANTA, ANA, C.A. et al. Gastroenterology 1985; 89: 
982. 


Pharmacology 
Adrenergic drugs and their antagonists 


The effect of isoproterenol on the development and 
recovery of hypoxic pulmonary hypertension: a 
structural and hemodynamic study. FRED, R., RED, 
L.M. American Journal of Pathology 1985; 121: 102. 

The affinity of (-)-propranolol for beta, and beta 2- 
adrenoceptors of human heart. GILLE, E., LEMOINE, 
H. et al. Naunyn-Schmiedeberg’s Archives of Phar- 
macology 1985; 331: 60. 

Basic pharmacology of esmolol. GORCZYNSKI, R.J. 
American Journal of Cardiology 1985; 56: 3F. 

Physical performance and serum potassium under 
chronic beta-blockade. KuLLMER, T., KINDER- 
MANN, W. European Journal of Applied Physiology 
1985; 54: 350. 


Clinical pharmacology, pharmacodynamics and inter- 
actions with esmolol. LOWENTHAL, D.T., PORTER, 
R.S. et al. American Journal of Cardiology 1985; 56: 
14F. 

Increased plasma noradrenaline during lcw dose 
adrenaline infusion in resting man and during 
sympathetic stimulation. MusGrave, I.F., BACH- 
MANN, A.W. et al. Clinical and Experimental 
Pharmacology 1985; 12: 285. 

Perioperative use of esmolol. REVES, J.G., FLEZZANI, P. 
American Journal of Cardiology 1985; 56: 57F. 

Current awareness: dopamine and intraocular pressure. 
TURNER, P., MEKKI, Q.A. Trends in Pharmacological 
Sciences 1985; 6: 348. 

Increase in Pao, following intravenous administration 
of propranolol in acutely hypoxemic patients. 
VINCENT, J.L., LIGNIAN, H. et al. Chest 1985; 88: 558. 


Anaesthetic agents 


Endogenous ligands for benzodiazepine recognition 
sites. Costa, E., Guipotmi, A. Biochemical 
Pharmacology 1985; 34: 3399. 

A comparison of the induction characteristics of 
thiopentone and propofol (2, 6-di-isopropylphenol). 
Fany, L.T., VAN MOURIK, G.A., UTTING, J.E. Anaes- 
thesia 1985; 40: 939. 

Convulsant component of a depressant benzodia- 
zepine. GARRETT, R.L., BOURN, W.M. Life Science 
1985; 37: 1933. 

Thiobarbiturate-induced histamine release in human 
skin mast cells. HIRSHMAN, C.A., EDELSTEIN, R.A. et 
al. Anesthesiology 1985; 63: 353. 

Anaphylactoid reactions and histamine by bar- 
biturate induction agents: clinical relevance and 
patho-mechanisms. LORENZ, W., DOENICKE, A. 
Anesthesiology 1985; 63: 351. 

Althesin interaction with human plasma steroid binding 
globulins. PERROT, D., PUGEAT, M. et al. European 
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Journal of Clinical Pharmacology 1985; 29: 181. 
Effect of halothane on renal hemodynamics during 
normovolemia and acute hemorrhagic hypovolemia. 
Priano, L.L., MARRONE, B. Anesthesiology 1985; 63: 
357. 
Unexplained hepatitis following halothane. STOCK, 
J.G.L., STRUNIN, L. Anesthesiology 1985; 63: 424. 


Analgesic agents 


Meptazinol: a review of its pharmacodynamic and 
pharmacokinetic properties and therapeutic efficacy. 
Homes, B., WARD, A. Drugs 1985; 30: 285. 

Baclofen prolongs the analgesic effect of fentanyl. 
PANERAI A.E., Masse, R. et al. British Journal of 
Anaesthesia 1985; 57: 954. 

Naloxone enhances cerebral reactive hyperemia in the 
rat. Punu, J.W., De-Lone, R.E., Towner, J.K. 
Neurosurgery 1985; 17: 596. 


Muscle relaxants 


Neuromuscular transmission and its blockade. 
Pharmacology, monitoring and physiology updated. 
Jones, R.M. Anaesthesia 1985; 40: 964. 

The influence of physostigmine on visual-vestibular 
interaction in hereditary ataxias. Tussen, C.C., 
Enptz, L.J., Goor, C. Journal of Neurology Neuro- 
surgery and Psychiatry 1985; 48: 977. 


Apparatus (equipment, monitoring and measurement) 


Laryngeal pacemaker. II. Electronic pacing of re- 
innervated posterior cricoarytenoid muscles in the 
canine. BRONIATOWSKI, M., KANEKO, S. et al. 
Laryngoscope 1985; 95: 1194. 

Continuous wave doppler determination of right 
ventricular pressure. A simultaneous doppler- 
catheterization study in 127 patients. CURRIE, P.J., 
SEWARD, J.B. et al. Journal of the American College 
of Cardiology 6: 750. 

Jet ventilation via a copper endotracheal tube for co, 
laser surgery of the oropharynx. HERBERT, J.T., 
Berun, I., EBERLE, R. Laryngoscope 1985; 95: 1276. 

Electrophysiologic pacing of vocal cord abductors in 
bilateral recurrent laryngeal nerve paralysis. OTTO, 
R.A., Davis, W. et al. American Journal of Surgery 
1985; 180: 447. 

Establishment of intravenous lines for long-term 
intravenous therapy and monitoring. PARSA, M.H., 
TABORA, F. Surgical Clinics of North America 1985; 
65: 835. 

Noninvasive intracranial pressure monitoring. Prr-yx, 
P.J., PIANTANIDA, T.P. et al. Neurosurgery 1985; 17: 
581. 


Complications 
Respiratory complications of gastroesophageal reflux. 
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Barıs, C.F., Wu, W.C. et al. Archives of Internal 
Medicine 1985; 145: 1882. 

Extrapyramidal reactions with metoclopramide. BATE- 
MAN, D.N., Raw ins, M.D., Snupson, J.M. British 
Medical Journal 1985; 291: 930. 

Pathophysiologic characteristics of venous thrombosis. 
KAKKAR, V.V. American Journal of Surgery 1985; 
150: 1. 

Risk of haemorrhage associated with long term 
anticoagulant therapy. LEVINE, M.N., Rasxos, G., 
HSH, J. Drugs 1985; 30: 444. 

Successful vasoconstrictor therapy of anaphylactoid 
reactions during induction of anaesthesia. A report of 
two cases. PoNTEN, J., BIBER, B., HENRIKSSON, B.A. 
Acta Anaesthesiologica Scandinavica 1985; 29: 639. 

Post-traumatic stress disorder from pentaborane. 
SILVERMAN, J.J., HART, R.P. et al. Journal of the 
American Medical Association 1985; 254: 2603. 


General anaesthetic procedures 


Anesthesiology. Pierce, E.C. Journal of the American 
Medical Association 1985; 254: 2317. 


General interest 


Adult respiratory distress syndrome caused by acute 
systemic lupus erythematosus. DOMINGOPEDROL, P., 
DELASERNA, A.R. et al. European Journal of 
Respiratory Diseases 1985; 67: 141. 

Autonomic neuropathy in acute intermittent por- 
phyria. Larwau, A.C.Y., MacPuer, G.J.A. et al. 
Journal of Neurology Neurosurgery and Psychiatry 
1985; 48: 1025. 


Spinal and epidural analgesia 


Continuous epidural infusion for analgesia after major 
abdominal operations—a randomized, prospective, 
double-blind study. CULLEN, M.L., STAREN, E.D. 
et al. Surgery 1985; 98: 718. 

Spinal anaesthesia with 0.75-percent bupivacaine and 
0.5-percent amethocaine in 5-percent glucose, 
MARSTRAND, T., SORENSEN, M., ANDERSEN, S. British 
Journal of Anaesthesia 1985; 57: 971. 

Redistribution of lidocaine and bupivacaine after 
intrathecal injection in mice. Post, C., FREEDMAN, J. 
et al, Anesthesiology 1985; 63: 410. 

The endogenous opioid systems in neurological dis- 
orders of the basal ganglia. SANDYK, R. Life Sciences 
1985; 37: 1655. 


Spinal oploids 


Respiratory effects of epidural fentanyl. Anusa, B.R., 
STRUNIN, L. Anaesthesia 1985; 40: 949. 

Multiple opiate receptors: functional implications. 
Drxon, W.R, Viveros, O.H. et al. Federation 
Proceedings 1985; 44: 2851. 
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Clinical implications of endogenous opioid peptides. 
GROSSMAN, A., CLEMENTJONES, V., Besser, G.M. 
Neuroendocrine Perspectives 1985; 4: Ed. Muller E.E. 
et al. (Amsterdam); 243. 

Postoperative pain treatment after upper abdominal 
surgery with epidural morphine at thoracic or lumbar 
level. HOJKJAER, LARSEN, V., IVERSEN, A.D. et al. 
Acta Anaesthesiologica Scandinavica 1985; 29: 566. 

Recent developments in the bioassay of opioids. 
Kosreriitz, H.W., CORBETT, A.D. et al. Regulatory 
Peptides 1985; Suppl 4: 1. 

Changes in responsiveness to mu and kappa opiates 
following a series of convulsions. MANSOUR, A., 
VALENSTEIN, E.S. Experimental Neurology 1985; 90: 
224. 

The effects of the acute administration of buprenor- 
phine hydrochloride on release of anterior pituitary 
hormones in the rat. PECHNICK, R.N., GEORGE, R., 
PoLanp, R.E. Life Science 1985; 37: 1861. 


Obstetric anaesthesia and analgesia 


Paradoxical response to intravenous terbutaline. 
BuatT, N., Serer, D., HENSLEIGH, P. American 
Journal of Obstetrics and Gynecology 1985; 153: 310. 

Hepatic and peripheral responsiveness to a glucose 
infusion in pregnancy. CoweTT, R.M. American 
Journal of Obstetrics and Gynecology 1985; 153: 272. 

Hemodynamic effects of intravenous hydralazine in’ 
pregnant women with severe hypertension. KUZNIAR, 
J., SkRET, A. et al. Obstetrics and Gynecology 1985; 
66: 453. 

Lupus anticoagulant and pregnancy. Lusse, W.F., 
Licas, G.C. American Journal of Obstetrics and 
Gynecology 1985; 153: 322. 

Cardiovascular responses to circulating catecholamines 
in normal pregnancy and in pregnancy-induced 
hypertension. NISELL, H., HJEMDAHL, P., LINDE, B. 
Clinical Physiology 1985; 5: 479. 

Maternal cardiovascular adaptations to twin preg- 
nancy. VELLE, J.C., Morton, M.J., Bury, KJ. 
American Journal of Obstetrics and Gynecology 1985; 
153: 261. 


Paediatric anaesthesia and intensive care 


Evoked fetal startle response: a possible intrauterine 
neurological examination. DiIvoN, M.Y., PLATT, 
L.D. et al. American Journal of Obstetrics and 
Gynecology 1985; 153: 454. 

Surfactant therapy in the newborn. LEADING ARTICLE 
Lancet 1985; 2: 867. 

Sleep-waking shifts and cerebral blood flow in stable 
preterm infants. (GREISEN, G., HELLSTROM- 
VESTAS, L. et al. Pediatric Research 1985; 19: 1156. 

Diaphragmatic pacing in infants: techniques and 
results. ILBAwI, M.N., Ipruss, F.S. et al. Annals of 
Thoracic Surgery 1985; 40: 323. 

Ventilatory pattern following diphtheria—tetanus— 
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Safety Information Bulletin 


These are issued by the Department of Health and the risk of electric shock to any person who 
Social Security touches a patient during defibrillation. These 
defibrillators should be withdrawn from service. 
A list of models which do not have this short 
coming in their design is given in the Appendix to 
Safety Information Bulletin No. 26: SIB(86)5. 
Some old models of defibrillator may, by design, Most models supplied since 1975 are probably 
have one side of their output connected to earth satisfactory. 

or to accessible conductive parts. This increases 


Defibrillators with earth referenced outputs: risk 
of electric shock to operators 
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An anaesthesia system which is both open 
and closed at the same time. 


@ No spill valve adjustments 


@ No adjustment when changing between spontane- 
ous controlled and assisted ventilation 


@ Fresh gas consumption extremely low 
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Editorial 


Halothane hepatitis in children 


The report of ‘halothane hepatitis’ in an 11-month-old child by Whitburn and Sumner (p. 611) 
encourages further debate on the direct cause and effect relationship between exposure to halothane 
(or other inhalational agents) and postoperative liver damage, and the relevance of the syndrome to 
modern anaesthetic practice. If, as suggested,' the elegant tests for circulating antibodies indeed prove 
to be specific pathognomonic evidence of halothane hepatitis, this report certainly provides the second 
valuable, well-documented warning that the syndrome may occur in children (the first was in 1982). 
However, in some respects, the report raises several questions which increase further the apparent 
complexity of the whole problem. 

Few would deny the probability that halothane hepatitis dces occur rarely, that the syndrome is 
responsible for at least some of the reported cases of ‘unexplained hepatitis following halothane’ and 
that it remains the responsibility of the anaesthetist to minimise the risk, if possible. Some authorities 
believe that the metabolically related damage demonstrable in a variety of somewhat arcane animal 
models (of doubtful relevance to the syndrome in man), coupled with the minor alterations in liver 
function test results reported commonly following exposure to halothane, suggest that mild (subclinical) 
halothane hepatitis is, in fact, very common. This view is held ċespite the distinct possibility that such 
minor changes may equally well reflect the largely unavoidable alterations in hepatic blood flow and 
metabolism engendered by exposure to anaesthesia and surgery. However, clinically significant 
halothane hepatitis appears to be rare in adults and very rare indeed in children. Assessments of the 
overall incidence of halothane hepatitis vary widely, an inconsistency hardly surprising in view of the 
guesswork often applied both to the numerator (number of cases of halothane hepatitis) and the 
denominator (total number of halothane administrations). The incidence quoted by Whitburn and 
Sumner of between 1 in 6000 and 1 in 22 000 serves as a reasonable point of comparison. Wark? reviewed 
165 400 computerised records of anaesthetics administered between 1957 and 1979 at The Hospital for 
Sick Children, Great Ormond Street and described two patients with otherwise inexplicable post- 
halothane hepatitis. This incidence of about 1 in 82000 is certainly much lower than the range of 
incidences reported in adults. Furthermore, 267 patients received multiple halothane exposures within 
28 days without obvious hepatic problems—this is a useful negative finding which confirms previous 
experience with most adults repeatedly exposed to halothane. 

Why should the incidence of halothane hepatitis be so much lower in children? If the mechanism in 
man is indeed direct hepatotoxicity of intermediate metabolites of halothane, (if the animal model 
evidence can rationally be extrapolated to man), children, who are apparently capable of metabolism 
of halothane by reductive pathways (to a degree similar to that seen in adults*), should be similarly at 
risk. This view is further illustrated by the report by Haxholdt and her colleagues (p. 579) that even 
a single exposure to halothane in children results in hepatic microsomal enzyme induction comparable 
to-that seen in adults. The suggestions that children may either have higher levels of hepatic free radical 
scavengers (despite the fact that the role of glutathione depletion in animal models is far from clear) 
or else have greater powers for hepatic recovery are attractive but await confirmation.* 

On the other hand, the rarity of the clinical syndrome and the apparent irrelevance of dose- 
dependency suggest very strongly that metabolism alone is not responsible. The alternative hypothesis 
of hypersensitivity (either as a primary mechanism or following initial production of reactive inter- 
mediate metabolites capable of combining with protein to form antigenic complexes) similarly fails to 
explain the rarity of halothane hepatitis in children. Immune competence is apparently present from 
birth, and the reported incidence of major adverse reactions to drugs of between | in 2500 and 1 in 
10 000 children® suggests, once again, that adults and children should be similarly at risk. It is of interest 
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that, in contrast to the frequent history of allergy among adults with halothane hepatitis, such a history 
does not seem to be a feature of reported cases in children. The child reported in this issue developed 
eosinophilia in association with the episode of postoperative hepatitis—a finding commonly reported 
in patients with halothane hepatitis and suggestive of an immunological response. 

The cases reported here (p 611), and elsewhere,” raise several important points. Both children 
developed halothane hepatitis following several rapidly repeated exposures, but others seem to have 
followed single exposure.? It is quite clear that ex cathedra statements about the safe period between 
halothane exposures in adults do not withstand scientific scrutiny. The syndrome is associated with 
rapidly repeated exposures, however, and many authorities advocate not within a month (although this 
may be nothing more than a convenient period in our calendar which was first highlighted by analysis 
of reports to the Committee on Safety of Medicines.’) More recently, the term ‘rapidly repeated’ has 
been applied to 4-8 weeks or to 3 months, with such suggestions quite understandably serving perceived 
medicolegal requirements rather than being based on new important evidence. However, the modern 
anaesthetist is fortunate in having many alternative agents and techniques at his command. If such alter- 
natives are considered to be as safe overall (in his hands) for a particular surgical procedure then, even 
if very recent halothane exposure was not followed by signs of possible adverse reaction (such as 
, jaundice or, possibly, /ate pyrexia), he may be better advised to choose the alternative. This medico- 
legally sensitive advice applies despite knowledge of the innumerable multiple halothane anaesthetics 
administered without problems and despite the fact that the substitution of alternative agents for second 
and subsequent anaesthetics has by no means been shown conclusively to be better for patients (either 
hepatically or overall). In children, however, the position in even less clear (if that is possiblel). 

Should an apparent incidence of halothane hepatitis of 1 in 82000 influence usage of halothane in 
a patient population in whom the agent has been proved to be of great value with regard to overall safety? 
With the obvious caveat regarding any patient who has exhibited jaundice, or (perhaps) late unexplained 
pyrexia following previous exposure to halothane, who should not, of course, be re-exposed to the drug, 
can one advocate the continued use of halothane (even rapid repetition) in children? A rational approach 
must be that halothane remains a very valuable agent in children (as indeed it does in adults). The 
problem must be viewed in perspective. If senior anaesthetic staff at one of the leading hospitals for 
sick children, while wisely alerting us to the possibility of halothane hepatitis in children and stressing 
the need to keep the possibility in mind, still regard the repeated use of halothane in children es safe 
anaesthetic practice, then, at present, that is good enough for the present author. That anaesthetists 
must best serve the overall interests of their patients may be exemplified by a recent timely comparison 
of halothane and isoflurane in unpremedicated children presenting for short outpatient procedures.® 
The authors report that the use of isoflurane was associated with more problems of coughing, excessive 
secretions and laryngospasm during induction and, similarly, more violence and upper respiratory tract 
problems during recovery. Such difficulties may, to some extent, reflect inexperience with a new agent, 
but it may be that halothane still reigns supreme in that particular environment at least. 

What of unexplained hepatitis following exposure to enflurane or isoflurane? The relatively limited 
metabolism of enflurane (2 percent) and isoflurane (0.2 percent) compared with halothane (20 percent) 
suggests that, whether metabolism proves to be the sole mechanism for toxicity or merely a pre- 
requisite for. a subsequent immunological reaction, these newer agents might be expected to have less 
potential for hepatic damage. Some authors believe that the curtailment of halothane usage and the cor- 
responding increase in the use of first enflurane and latterly isoflurane has been associated with a reduc- 
tion in the numbers of reports of unexplained postoperative hepatitis. A recent review of reports of en- 
flurane-asscciated hepatitis? includes one 15-year-old patient, although, just as in the case of halothane, 
the validity of some of those cases has, quite rightly, been questioned.'° The only mention of a case 
associated with isoflurane appears, rather unconvincingly, as part of a report of isoflurane usaze in 
Canada.1! No doubt, isolated case reports will appear and their relevance will have to be judged on 
their merits. If at least some cases of unexplained hepatitis following exposure to anaesthesia and surgery 
prove to be coincidental non-A non-B viral hepatitis, sporadic cases associated with isoflurane must 
surely surface as usage of the agent becomes widespread. 

Whitburn and Sumner clearly recognise that viral infection remains an important possible alternative 
diagnosis in any patient with postoperative hepatitis, although in their patient markers for hepatitis A 
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and B were absent and specific tests for circulating antibodies were positive. It remains true that viral 
hepatitis cannot yet be excluded in any patient with absolute certainty. It is of interest that, of children 
suffering acute hepatitis severe enough to warrant-hospital admission, 5 percent have non-A non-B 
infection,!? for which there is, at present, no marker. Furthermore, despite some claims to the contrary, 
viral and halothane hepatitis remain virtually indistinguishable biochemically, clinically and histo- 
logically. It remains possible that non-A non-B hepatitis might be responsible for, say, those cases of 
halothane hepatitis following single exposure, or for the syndrome in those anomalous patients who 
receive several rapidly repeated exposures to halothane uneventfully and then develop hepatitis after 
one further exposure years later.!? Such anomalies are equally difficult to explain on either toxicity or 
hypersensitivity grounds. 

In the report by Whitburn and Sumner, subsequent anaesthesia, using a halothane-free machine, 
was followed by low grade pyrexia and eosinophilia. The child did not develop jaundice, but it is 
unfortunate that pre- and postoperative liver function test results were not reported. The use of a 
halothane-free machine in patients previously suffering possible halothane hepatitis is obviously intel- 
lectually satisfying, but based on no evidence whatsoever. A policy of extreme caution and attention 
to detail dictates that a virgin machine might afford maximal protection to such a patient. 
However, the present author has seen f9 patients with apparent halothane hepatitis subsequently 
anaesthetised on halothane-contaminated machines without ostensible hepatic problems. One can argue 
that such an outcome favours the hepatotoxicity theory, inasmuch as the very small contaminating dose 
of halothane to which these patients were undoubtedly exposed was insufficient to result in toxic levels 
of intermediate metabolites. On the other hand, one might argue that such a small dose would not result — 
in sufficient antigen to trigger an immunological response. Of course, had Whitburn and Sumner not 
been quite so fastidious and used a standard machine, the low grade pyrexia and eosinophilia might 
have been attributed for evermore to the rather unwise exposure of a sensitive patient to a very low dose 
of the offending drug. As it stands, the postoperative changes remain quite unexplained—as do so many 
aspects of this fascinating topic. 

One burning question urgently needs answering from the medicological point of view. With regard 
to the advisability of repeated exposures to halothane, at what age does an older child become a young 
adult? 


The London Hospital, - B. WALTON 
Whitechapel, 
London, El 1BB 
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Increased hepatic microsomal activity after halothane 
anaesthesia in children 


OLGA ST. HAXHOLDT, S. LOFT, ANETTE CLEMMENSEN ann ELSE HJORTSØ 


Summary 

The effect of anaesthesia and surgery on microsomal enzyme activity was studied in 19 children aged 4-9 
years, scheduled for tonsillectomy. The children were randomly allocated to either halothane or ketamine 
anaesthesia. Antipyrine clearance was measured before and 4 days after surgery by a salivary one-sample 
technique. Statistically significant (p < 0.001) increases in antipyrine clearance was found in children who 
received halothane anaesthesia. The antipyrine clearance was increased by a mean of 26% 4 days 
after surgery, compared with a pre-operative control measurement. No significant change in antipyrine 
clearance was observed in children who received ketamine anaesthesia. There was also a significant 
difference in antipyrine clearance changes after surgery between the two groups (p<0.05). Halothane has 
enzyme-inducing properties after a single exposure in children, while a single dose of ketamine does not. 


Key words 


Anaesthetics, volatile; halothane. 
Induction; enzymes. 


Increased microsomal enzyme activity in adults 
has been shown after various operations with 
either general or regional anaesthesia.'~> This 
indicates that, in adults, surgery per se, regardless 
of type of anaesthesia employed, is responsible 
for the enzyme induction. The effect of surgery 
and anaesthesia on microsomal enzyme activity 
has not been studied in this context in children. 
We therefore investigated the effect, in children, 
of tonsillectomy under halothane and ketamine 
anaesthesia on microsomal enzyme activity 
assessed by antipyrine clearance in a prospective 
randomized study. 


Material and methods 
Nineteen children aged 4-9 years, scheduled for 





elective tonsillectomy, were investigated. In- 
formed consent was obtained from the parents 
and the study was approved by the ethical com- 
mittee of Copenhagen county. None of the 
children had any history of hepatic disease and 
none was taking any drugs at the time of the 
investigation. 

All children were premedicated with rectal 
diazepam solution (0.75 mg/kg). The children 
were randomly assigned to receive either halo- 
thane anaesthesia (10 children) or ketamine 
anaesthesia (10 children). One child from the 
ketamine group was excluded owing to a missing 
sample. Halothane was administered in 70% 
nitrous oxide in oxygen via a facemask. The 
ketamine anaesthesia was induced by intra- 
muscular injection of ketamine (Ketalar®) 


Olga St. Haxholdt, MD, Senior Registrar, Department of Anaesthesia, S. Loft, MD, Research Fellow, Department 
of Medicine, Anette Clemmensen, Chief Nurse, ENT Department and Else Hjortsa, MD, Junior Registrar, Depart- 
ment of Anaesthesia, Gentofte Hospital, University of Copenhagen, Denmark. 
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10 mg/kg. and atropine 0.01 mg/kg. Tracheal 
intubation was facilitated by suxamethonium 
1 mg/kg. For maintenance of the ketamine 
anaesthesia, nitrous oxide/oxygen was ad- 
‘ministered, supplemented by intravenous keta- 
mine 1-2 mg/kg as required. In both groups, 
pethidine 0.5 mg/kg was administered intra- 
muscularly, following induction of anaesthesia. 
After surgery, acetaminophen, which has been 
shown not to have enzyme inducing properties,* 
was administered rectally for pain relief. 

The day before surgery, the fasting children 
ingested antipyrine 20 mg/kg dissolved in juice. 
Twenty-two to 24 hours later, saliva was 
collected. Four days after surgery, the antipyrine 
ingestion with saliva collection 22-24 hours later 
was repeated. Saliva samples were stored at 
—20°C until analysis by high pressure liquid 
chromatography.* One-sample antipyrine clear- 
ance (OSAC) was calculated as: 


D/Va- 
L, pate 


Vd 

- where D is the administered dose, Vd is the 
volume of distribution estimated from age and 
body weight and height and Ct is the saliva 
concentration of antipyrine at the sampling time 
t. Comparison within a group was done by paired 
t-test and between. groups by unpaired t-test. All 
p-values less than 0.05 were considered statis- 
tically significant. The excellence of fit to the 
normal distribution of the postsurgery changes in 
antipyrine clearance was tested by the 
Kolmgorov-Smirnov method. 


Results 


The results are summarised in Table | and Fig. 1. 
Only in the group of children receiving halothane 
anaesthesia was there a statistically significant 
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Fig. 1. OSAC (one-sample antipyrine clearance) before 
(D and after (II) surgery and halothane or ketamine 
anaesthesia in children. 


increase in the one-sample antipyrine clearance 
(OSAC) after surgery (p<0.001). The mean 
increase was 26%, but with a great inter- 
individual variation, i.e. in one child the increase 
was 72%. All hut one of the children in the 
ketamine group showed a slight increase in the 
postsurgery OSAC, but the increase was not sig- 
nificant. 

The two groups were comparable in regard to 
personal characteristics and duration of anaes- 
thesia. However, the increase in OSAC in the 


Table 1. Personal characteristics and one-sample antipyrine clearance (OSAC) before and after surgery under 
halothane or ketamine anaesthesia in 19 children 





Weight Height Age 
Anaesthesia (kg) (cm) (years) 
Halothane 23 (2.8) 121.7 (6.2) 6.5 (1.4) 
n= 10 
Ketamine 25.8 (5.3) 126.4 (10.3) 6.7 (1.6) 
n=9 
Halothane vs 
ketamine ns ns ns 


Values are given as mean (SD); ns = not significant. 


Duration of 
anaesthesia presurgery postsurgery A OSAC 


OSAC OSAC 











(minutes) (ml/minute) . (ml/minute). (ml/minute) 
48 (5.6) 29.0 (5.8) 36.5 (6.7) 7.5 (5.8) 
(p < 0.001) 
53 (10) 32.3 (12.5) 34.1 (11.8) 17 (5.7) 
(p>0.4) 
ns ns ns {p <0.05) 


ORY 
} 


€ 


Hepatic microsomal activity after halothane 581 


halothane group was significantly higher than in 
the ketamine group (p < 0.05). The hypothesis of 
normal distribution of the changes in antipyrine 
clearance within each group ‘as well as in the 
groups combined could not be rejected at the 
20% level. 


Discussion 


The effect of surgery and anaesthesia on hepatic 
microsomal enzyme activity in children has not 
been studied previously. We investigated the 
effect of tonsillectomy under halothane or 
ketamine anaesthesia on antipyrine elimination, 
one of the most widely used indicators of micro- 
somal enzyme activity.* Antipyrine clearance was 
measured from a single sample of saliva, which is 
as accurate as multiple samples and more 
acceptable to children.§ 

The main result of the study is a statistically 
significant increase in antipyrine clearance in 
children receiving halothane anaesthesia. The 
increase was of the same magnitude as previously 
reported in various studies in adults subjected to 
surgery of similar duration,! ~? when the increase 
has been observed both after general and regional 
anaesthesia. This indicates that surgery per se is 
responsible. However, in the ketamine group in 
our study, no significant change in antipyrine 
clearance was observed. 

The effect of surgery under ketamine anaes- 
thesia on microsomal enzyme activity has not 
been investigated previously. Meanwhile, the 
animal experiments have shown that single doses 
of ketamine do not cause enzyme induction,® 
while repeated administration has enzyme- 
inducing effects.°’ None of the children inves- 
tigated had recently been anaesthetised and none 
was taking any drugs. The surgical stimulus of 
tonsillectomy was obviously insufficient to 
induce enzyme activity, probably because the 
operation stress was of minor magnitude.® This 
indicates that halothane alone is able to induce 
microsomal enzyme activity, even under minor 
surgical stress. 

Halothane has been shown to have an intrinsic 


enzyme-inducing property. Thus, occupational 
exposure to waste halothane leads to increased 
antipyrine clearance? The average increase 
in antipyrine clearance in the present study was 
moderate (mean 26%), indicating only in- 
significant alterations in hepatic drug metab: 
olism. However, the interindividual variation was 
great, as one child experienced an increase of 
72%. 

In conclusion, we have demonstrated that 
halothane leads to increased antipyrine clearance 
in children after a single exposure, even under 
conditions of minor surgical stress. On the other 
hand, ketamine does not have. enzyme-inducing 
properties after single doses in children. 
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The effects of continuous intravenous naloxone on 
epidural morphine analgesia 


G. S. THIND, J. C. D. WELLS anp R. G. WILKES 


Summary 


Forty-five patients undergoing Caesarean section under epidural anaesthesia with bupivacaine were ran- 
domly allocated to three groups. Group J received 4 mg of epidural morphine immediately postoperatively 
and 2 mg naloxone by intravenous infusion for 12 hours postoperatively; group 2 was treated as group 1 but 
without naloxone infusion; group 3 received 10 mg morphine intramuscularly and 20 ml epidural saline after 
delivery of the baby. Epidural morphine 4 mg produced better postoperative analgesia than 10 mg cf mor- 
phine intramuscularly (p < 0-001) and the intravenous infusion of naloxone didnot ablate the analgesic effects 
of epidural morphine. The incidence of itching and vomiting was higher in the epidural opioid groups 
(p <0.05) and intravenous naloxone, although it reduced the severity of the itching, did not reduce its 


overall incidence. Respiratory depression was not detected in any of the three groups. 


Key words 


Anaesthetic techniques, regional; epidural. 
Analgesics, narcotic, morphine. 
Pain; postoperative. 


Much has been written about the treatment of 
postoperative pain with epidural opioids since 
the original favourable report in 1979! and, with 
some exceptions,*? the benefits have been widely 
recognised.* However, the occasional report of 
late respiratory depression and demonstration of 
rostral spread of the opioid within the cerebro- 
spinal fluid (CSF)*° have limited its use in 
general wards, where the benefits are most 
required. 

Reports’* that intravenous naloxone is an 
effective treatment of epidural opioid-induced 
respiratory depression have raised the possibility 
that its continuous administration might protect 
against this risk. However, it is first necessary to 


establish that such administration does not ablate 
the analgesic benefits. This study was designed 
to investigate the effects of continuous intra- 
venous naloxone on epidural morphine analgesia. 
Patients undergoing elective Caesarean section 
under epidural anaesthesia with bupivacaine were 
chosen for this study, since they represent a 
homogeneous group and their postoperative care 
was undertaken by experienced nursing staff in 
a single ward with a resident anaesthetist 
immediately available. A further group was 
included, to compare epidural opioid analgesia 
to the standard practice at this hospital of 
intramuscular analgesia. 
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Methods 


This study was approved by the ethical commit- 
tee of the Liverpool Women’s and Maternity 
Hospitals. Forty-five patients consented to par- 
ticipate; their ages ranged from 18-36, their 
weights from 57-95 kg and their heights from 
145-170 cm. All were unpremedicated and 
epidural anaesthesia was introduced at either 
the L2,3 or L1/2 interspace, using 18-26 ml of 0.5% 
bupivacaine with 1/400000 adrenaline. The 
patients were randomly divided into three 
groups of 15. 

Group I received 4 mg of epidural morphine 
(morphine sulphate 2 mg in 10 ml saline) and one 
ml of intramuscular saline, immediately after 
delivery of the baby. One hour later, 0.4 mg (1 ml) 
naloxone was given intravenously and 1.6 mg 
(4 ml) added to 1 litre of Hartmann’s solution, 
which was set to run intravenously over 12 hours. 

Group 2 received drugs as in group 1, except 
that in lieu of naloxone, 1 ml and 4 ml of 
saline were given intravenously and into the 
Hartmann’s solution respectively. 

Group 3 received 20 ml of epidural saline and 
10 mg (1 ml) of morphine intramuscularly, 
immediately after delivery of the baby. One hour 
after the epidural saline, 1 mi and 4 ml of 
saline were given intravenously and into the 
Hartmann’s solution. 

A consultant anaesthetist, who was not in- 
volved in the trial, drew a coded card from a 
shuffled pack to determine the allocation of a 
patient to a particular group. He drew up the 
appropriate drugs in four syringes, which were 
labelled only with the route by which their 
contents were to be administered. Thus, both 
nursing staff and investigator were blind as to 
which group a patient belonged to. 

Patients were assessed formally by one of the 
investigators at 1, 2, 4, 6, 10-12, 18-20, and 24 
hours post delivery. At these times, pain was 
assessed by use of a vertical 100-mm linear 
analogue scale, pruritus assessed using a similar 
scale, respiratory rate recorded and episodes of 
vomiting noted. Concomitantly, nursing staff 
made their own assessments hourly for the first 
8 hours, then 2-hourly for the remaining 24 hours 
post delivery; they recorded the same items, but 
used defined terms of absent, mild, moderate or 
severe pain and itching. 

All patients were prescribed cyclimorph 10 
(morphine tartrate 10 mg, cyclizine tartrate 50 mg 
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in 1 ml) 1 ml intramuscularly and paracetamol 
tablets 600 mg, which were given at the discretion 
of the nursing staff. Patients were asked to record 
their pain score immediately prior to administra- 
tion of additional analgesia. Prochlorperazine 
12.5 mg (1 ml) was prescribed, to be given by the 
nursing staff if the patient vomited more than 
once. Severe itching was treated by administra- 
tion of 0.4 mg naloxone intravenously, followed 
by chlorpheniramine intramuscularly if this failed: 
to effect satisfactory relief. 

Most of the patients underwent Caesarean 
section either late morning or early afternoon, so 
that the first 10-12 hours post delivery were 
before midnight. 


Results 


All patients experienced satisfactory anaesthesia 
during their Caesarean sections and none re- 
quired any additional opioid or sedative other 
than that prescribed by the trial. The three groups 
were well matched in respect of age, weight and 
height, and there was no statistical difference 
between them. 


Pain 


In the epidural morphine groups, only one patient 
(Table 1) received cyclimorph, which was given 
at 22 hours post delivery with a pain score of 36; 
no other patient recorded pain scores higher than 
40 (Table 2). Paracetamol was given to five 
patients in group 1 and three in group 2 between 
12 and 20 hours post delivery. In contrast, 14 


Table 1. Number of intramuscular analgesic supple- 
ments given during first 24 hours after delivery. 
(Statistical analysis chi-square test). 





None One Two Three 
Group l 14 1 0 0 
Group 2 15 0 0 0 
Group 3 1* 2 7 5 }p < 0.001 


*One patient in Group 3 refused opioid intramuscular 
injection despite a pain score of 62. 


Table 2. Maximum pain scores during 24 hours after 
delivery or before analgesia. 


0-20 21-40 41-60 61-80 81-100 


Group | 12 
Group 2 11 
Group 3 0 
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(94%) of the patients who received intramuscular 
morphine at delivery were given intramuscular 
cyclimorph within 6 hours postpartum; of these, 
12 required repeated doses. Twelve recorded pain 
scores higher than 40, with six higher than 60 
(Table 2). There was a significant difference 
between the pain scores of the group 3 patients 
compared with groups 1 and 2 (p<0.01, analysis 
of variance). 


Itching 


Only one (7%) patient in group 3 (Table 3) 
experienced troublesome itching. In contrast, all 
except one patient who had received epidural 
morphine experienced some pruritus. Although 
the majority were not troubled by this symptom, 
three in group 2 required specific treatment. In 
one intravenous naloxone 0.4 mg produced 
satisfactory relief but in the other two additional 
chlorpheniramine 10 mg intramuscularly was 
necessary. Most of the cases in the epidural 
morphine groups occurred between the 4th 
to 10th hour after delivery and predominantly 
affected the face and trunk. 


Table 3. Itching score during 24 hours after delivery 
or prior to therapy. 


` Absent Mild Moderate Severe 
(<30) (30-60) (>60) 
Group 1. 1 9 5 0 
Group 2 0 9 3 3* 
Group 3 7 7 1 0 


* Note that three patients in Group 2 required treatment. 


Vomiting 
Vomiting occurred in 47% of patients in both 


groups | and 2 postoperatively, whereas only 7% 
of patients in group 3 did so (Table 4). 


Table 4. Vomiting during 24 hours after delivery 


None One Two Four 
Group 1 8 4 2 1 
Group 2 8 3 3 1 }p> Ol 
Group 3 14 1 }p <0.05 


Respiratory rate 


The lowest recorded respiratory rate was similar 


in all three groups and none was less than 14 
breaths/minute (Table 5). 


Table 5. Lowest respiratory rate during 24 hours 
after delivery 


12 14 16 18 20 


Group 1 0 9 6 

Group 2 0 1 7 6 1 

Group 3 0 1 2 6 6 
Discussion 


Our results indicate that in patients undergoing 
epidural Caesarean section under bupivacaine 
anaesthesia, 4 mg of morphine sulphate given via 
the epidural route provided much better post- 
operative pain relief than 10 mg intramuscularly. 
This is in accord with the reports of others’ and 
is difficult to reconcile with those claiming only 
marginal differences.?3 

This study was designed to be double 5lind, 
but the nursing staff claimed that they were often 
able confidently to identify the route via which 
the opioid had been given by the quality of anal- 
gesia which existed when the local anaesthetic 
wore off. Their prejudice in favour of the epidural 
route may have accounted for some patients in 
group 3 receiving injections of cyclimorph 10 
when patients in group | and 2 with similar pain 
scores did not. Interestingly, the one patient in 
group 3 who did not receive opioid supplementa- 
tion suffered a maximum pain score of 62. 
She admitted to severe pain, but expressed 
strong determination to avoid intramuscular 
narcotics. This further underlines the fallibility of 
equating analgesic supplementation with dzgree 
of pain relief.1° 

The incidence of pruritus and vomiting was 
much higher in the epidural morphine groups. 
The cyclizine component of cyclimorph may have 
reduced the incidence of these side effects in group 
3. Continuous intravenous naloxone in the 
dosage given in this study, while not reducing the 
overall incidence of pruritus and vomiting, 
effected a reduction in the severity of itching, 
although this was not statistically significant. 

Respiratory depression, assessed by recording 
the respiratory rate, is an accepted method of 
detecting opioid induced respiratory depres- 
sion,!! and did not occur in this study, as was 


iw 
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to be expected in a group of young, fit patients 
receiving relatively low doses of epidural mor- 
phine. Recently, however, serious doubts have 
been expressed,!? about the use of respiratory 
rate alone as a means of detecting respiratory 
depression induced by opioids; periodicity of 
breathing appears to be a more sensitive 
measure.!? 

A continuous infusion of naloxone has been 
shown to reverse the effects of epidural morphine 
on bladder muscle tone,!* but the dosages used 
to achieve this reversal were considerably higher 
than those used in this study. However, detrusor 
relaxation and analgesia appear to depend on 
direct spinal action of epidural opioids, which 
appears more resistant to naloxone reversal than 
respiratory depression, which occurs later. This 
is thought to represent rostral spread in the CSF® 
and is more likely to be reversed by naloxone.!* 

It is not possible from this study to be certain 
that the dose of naloxone used offers any protec- 
tion against respiratory depression induced by 
4 mg epidural morphine, although similar dosages 
were very effective in treating a reported case of 
respiratory depression after this dose of morphine 
given intrathecally. 
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The influence of nitrous oxide on oxyhaemoglobin dissociation 
and measurement of oxygen tension 


M. V. SHAH, L. K. ANDERSON anp N. A. BERGMAN 


Summary 

There are conflicting reports of the effect of nitrous oxide on the oxyhaemoglobin dissociation curve. We 
have therefore determined Pso of haemoglobin in the presence of either nitrous oxide or nitrogen and 
studied the upper portion of the curve in greater detail. No significant differences in the oxyhaemoglobin 
dissociation curve were observed when nitrous cxide was substituted for nitrogen. The oxygen tensions 
measured in gas mixtures were not significantly different when determined simultaneously with a 
polarographic oxygen electrode and the mass spectrometer when nitrous oxide was used instead of nitrogen. ° 


Key words 


Blood; oxyhaemoglobin dissociation, mass spectrometry. 


Gases; nitrogen, nitrous oxide. 
Measurement techniques, polargraphy. 


If the oxyhaemoglobin dissociation curve were 
shifted it would influence unloading of oxyger 
at the tissue level and might be sometimes 
clinically significant. Studies of the effects of 
nitrous oxide on oxyhaemoglobin dissociation 
have given inconsistent results. Smith and co- 
workers! studied this effect and showed 
a small rightward shift, which would improve 
oxygenation at the tissue level, whereas Fournier 
et al? recently reported a shift to the left in the 
oxyhaemoglobin dissociation curve of 9 mmHg, 
which could compromise unloading of oxygen at 
the tissue level. In the light of this recent report, 
we re-examined the effects of nitrous oxide on 
oxyhaemoglobin dissociation. Since Fournier 
et al. also reported systematically higher oxygen 
tension (Po) readings with their Po, electrode in 
the presence of nitrous oxide, we also examined 


the effect of nitrous oxide on a polarcgraphic 
oxygen electrode. 


Methods 


Venous blood samples were obtained from five 
volunteers. Pairs of oxyhaemoglobin dissociation 
curves were plotted from each sample, using a 
Hem-O-Scan analyser (American Instrument Co. 
Silver Spring). This instrument continuously mea- 
sures the oxygen tension and saturacion of 
haemoglobin with oxygen, at 37°C, as a thin film 
of blood (2 x 1076 litre) equilibrates with a 
known gas mixture. A continuous oxyraemo- 
globin dissociation curve is automatically plotted. 

A normal dissociation curve was plotted for 
each sample (the control curve) as follows. The 
blood was first deoxygenated by flushing the 
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chamber of the instrument with a gas mixture of 
nitrogen (95%) and carbon dioxide (5%) and the 
zero point was adjusted. A gas mixture of nitrogen 
(70°), carbon dioxide (5%) and oxygen (25%) was 
then introduced into the chamber, the sensitivity 
was adjusted and a normal dissociation curve 
was then obtained. A second dissociation curve 
was obtained as above, substituting nitrous oxide 
for nitrogen. The gas mixtures used were from 
certified cylinders (Airco Medical Products, 
Portland, Oregon) whose composition was con- 
firmed with a mass spectrometer. The Pso was 
read from each of the curves. Five pairs of Pso 
were thus obtained. 

The upper portion of the oxyhaemoglobin 
dissociation curve is usually more relevant during 
anaesthesia. This aspect was therefore studied by 
an alternative method. Mixtures of oxygen, 
carbon dioxide, and nitrogen or oxygen, carbon 
dioxide and nitrous oxide were generated with 
an anaesthetic machine. The exact composition 
of the mixture was adjusted and continuously 
monitored with a Perkin Elmer mass spectro- 
meter (Pomona CA), which was calibrated 
with commercially obtained and analysed gas 
mixtures. Twenty-four fresh, heparinised, human 
blood samples (10 ml) were obtained from twelve 
patients (ASA 1), who were anaesthetised with 
nitrous oxide and oxygen. These samples were 
equilibrated for a minimum of 30 minutes in a 
Dynex tonometer (Analytical Products, Inc., 
Belmont, CA) at 37°C with the various mixtures. 
Then Po2 and carbon dioxide tension (Pco2) of 
the effluent tonometer gas and pH, Po2 and Pco2 
of an aliquot of the equilibrated blood were 
measured using a Corning 168 Blood Gas 
Analyser maintained at 37°C. Haemoglobin 
saturation of equilibrated blood was measured 
using a reflectance oximeter (American Optical 
Co.) on the remaining blood in the aliquot. 
Predicted haemoglobin saturation was then 
obtained from the nomograms of Kelman and 
Nunn? at the equilibrating Po2, as measured with 
the mass spectrometer. Measured and predicted 
haemoglobin saturation for each sample were 
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then corrected for pH and base excess, again using 
the nomograms of Kelman and Nunn. Twelve 
values of Po2 using nitrogen (the control group) 
and twelve values of Po2 using nitrous oxide (the 
study group) were obtained. The differences in 
Po, between the measured and standard curves 
were calculated. 

The influence of nitrous oxide on the oxygen 
electrode was determined as follows. Mixtures of 
oxygen with nitrogen or nitrous oxide were 
generated from an anaesthetic machine and 
simultaneously delivered to a blood gas 
analyser (Corning 168) and a mass spectrometer, 
both previously calibrated. The simultaneous 
measurements of POz were recorded from the 
polarographic oxygen electrode and the mass 
spectrometer. : 

The differences between the pairs of measure- 
ments obtained from the first and third parts of 
the study were analysed using Student’s t-test for 
paired data. The differences in Po2 between the 
measured and the standard curve from the 
control group and the study group were analysed 
using Student’s t-test for unpaired data. ` 


Results 


The mean Ps9 measured from the oxyhaemo- 
globin dissociation curves obtained with the gas 
mixture containing nitrous oxide was 3.68 kPa 
(SD 0.26). The mean for the control group with 
nitrogen was 3.80 kPa (SD 0.13). The differences 
between the groups were not significant (Table 1). 

The results from the second part of the study 
are depicted in Fig. 1, which shows the standard 
oxyhaemoglobin dissociation curve in the clinical 
range of Poz and the measured saturations in the 
presence of either nitrous oxide or nitrogen. The 
Pcoz in equilibrating gas ranged from 4.21 to 
5.53 kPa. The Poz ranged from 6.45-13.29 kPa. 
Measured haemoglobin saturation was from 
85-96% (Fig. 1). When the differences in satura- 
tion were analysed from the standard curve, there 
was a small increase from the standard curve in 
the presence of nitrogen, 0.57% (SD 2.47) and an 


Table 1, The Pso of five volunteers, kPa, from oxyhaemoglobin dissociation curves plotted 
in the presence of nitrogen and in the presence of nitrous oxide. 





Nitrogen 


Pso measured in the presence of 1 2 3 4 5 Mean (SD)* 
3.68 3.68 3.95 3.75 3.95 3.80 (0.13) 
3.62 3.49 4.14 3.62 3.55 3.68 (0.26) 


Nitrous oxide 


*p>0.1. 
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Fig. 1. The measured oxygen tension (Po0,) values 
plotted in relation to the standard oxyhaemoglobin 
dissociation curve.’ (©), nitrous oxide; (A), nitrogen. 


even smaller increase in the presence of nitrous 
oxide, 0.15% (SD 2.75). These differences are small 
and actually show a slight shift to the right in 
the presence of nitrous oxide when compared to 
nitrogen. However, these groups were not found 
to be significantly different from each other. 
_When the Poz measured by our polarographic 
oxygen electrode was compared to the Poz 
measured by our mass spectrometer, the ratio 
was 0.986 in the presence of nitrogen, but was 
1.012 in the presence of nitrous oxide. This 
difference of 0,026 was not significant (p>0.1). 


Discussion 


A significant shift to the left of the oxyhaemo- 
globin dissociation curve caused by nitrous oxide 
could influence the choice of this gas in the 
practice of anaesthesia. Our data indicate that 
there is no significant change in the oxyhaemo- 
globin dissociation curve when nitrous oxide is 
substituted for nitrogen in equilibrating mixtures, 
both when the Pso is measured and when the 
upper end of the dissociation curve is examined. 
The results agree with those published by Prime.* 

Our results disagree with those of Fournier 
and Major.? We encountered no difficulty with 
zeroing of thé Hem-O-Scan oxygen dissociation 
analyser and obtained normal dissociation 
curves, everi in the presence of nitrous oxide. A 
small effect of nitrous oxide on the polarographic 
oxygen electrode* may be expected to cause a 


small shift to the right of the measured oxyhaemo- 
globin dissociation curve, as observed by Smith 
et al.'; however, we failed to detect a significant 
effect in this respect. We are unable to explain 
the discrepancy between our results and those of 
Fournier and Major. 

We conclude that nitrous oxide does not 
significantly shift the oxyhaemoglobin dissocia- 
tion curve. 
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Propofol and alfentanil infusion 


A comparison with methohexitone and alfentanil for major surgery 


B. KAY 


Summary 

In 42 patients undergoing major surgery, anaesthesia was induced by intravenous alfentanil 10 ug/kg 
together with methohexitone 1.5 mg/kg or propofol 2 mg/kg. An infusion of six times these doses per hour 
was then started; the rate was varied subsequently as indicated by the monitoring of arterial blood pressure, 
heart rate, EEG and frontalis electromyogram. The mean duration of infusion was 76.7 minutes for propofol 
and 74.5 minutes for methohexitone and the infusion was stopped about 10 minutes before the end of surgery 
in each group. The induction dose differed, but the total dose requirement for the two drugs was similar. 
In every case, anaesthesia was satisfactory. Methohexitone caused a significant rise in mean pulse rate 
throughout anaesthesia (p< 0.05, paired t-test). There was no change in mean pulse rate during propofol 
infusion. The dose of alfentanil used provided excellent control of autonomic reflexes, with negligible 
respiratory depression. Naloxone was not required. Propofol provided better anaesthesia than metho- 
hexitone, with fewer side effects (p<0.05, Chi squared test), easier control of the level of narcosis and 
faster recovery (p<0.001, t-test after log transformation). 


Key words 
Anaesthetics, intravenous, methohexitone, propofol. 
Analgesics, narcotic; alfentanil. 


Total intravenous anaesthesia was first popular- available drugs for maintenance of anaesthesia by 


ised by Savege et al.’ using Althesin. Although 
improved gas scavenging has removed one of the 
first indications for the technique, and Althesin is 


no longer available, the introduction of new. 


hypnotic and analgesic drugs and improved 
monitoring has maintained an interest in 
providing anaesthesia by using agents with more 
selective effects than the volatile anaesthetics. 
Experience has shown that intravenous tech- 
niques may be at least as acceptable as those using 
anaesthetic vapours.? 

Propofol is a new intravenous anaesthetic 
which appears to have advantages over currently 





infusion. It bas a smooth and rapid onset of 
effect, similar to that of thiopentone, but has a 
very fast rate of metabolic clearance from the 
blood.* An earlier preparation of propofol in 
Cremophor E was shown to provide excellent 
anaesthesia for major surgery when given by 
infusion, but this has now been replaced by an 
emulsified formulation of propofol. 

Alfentanil has the fastest onset and shortest 
duration of effect of any opioid. It has an 
elimination half-life of 96 minutes® and was 
shown to be a suitable analgesic component of 
anaesthesia for major surgery when given by 
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infusion together with etomidate.” However, 
etomidate 
unwanted side effects and occasionally poor 
recovery, particularly due to myoclonia persisting 
after recovery of consciousness.’ 

Methohexitone, with a rapid onset of effect and 
a faster rate of elimination than thiopentone, is 
extensively used for outpatient anaesthesia and 
for maintenance of anaesthesia of short duration 
by intermittent injection. Mixtures of metho- 
hexitone with alfentanil and propofol with alfen- 
tanil have been used by this method for out- 
patient cystoscopy,” but the use of such mixtures 
given by infusion for major surgery has not been 
reported, 

It was of interest, therefore, to examine the 
efficacy of an infusion of propofol and alfentanil 
for major surgery, using a simple one syringe 
technique similar to that employed for the study 
of etomidate and alfentanil infusion’ and 
to compare the results obtained with those using 
methohexitone and alfentanil. 


Method 


Studies were carried out on 42 patients of ASA 
grades 1 or 2 undergoing major surgery. All the 
patients gave their written informed consent to 
the trial, which was approved by the hospital 
ethical committee. A continuous ECG (CM5) 
display was started in the anaesthetic room; the 
unipolar electroencephalogram (EEG), mean 
frequency and amplitude, frontalis electromyo- 
gram (EMG) amplitude, pulse rate and mean 
systolic and diastolic arterial blood pressure 
(Dinamap) were recorded by ABM (Datex), as 
were the capnograph and neuromuscular 


transmission (train-of-four) instituted after ' 


induction of anaesthesia. 

No premedication was given. Anaesthesia was 
induced using alfentanil 10ug/kg, immediately 
followed by methohexitone 1%, approximately 
1.5 mg/kg, or propofol 1%, about 2 mg/kg; 
these were randomly allocated and given over 
20 seconds, followed by alcuronium 15 mg. All 
drugs were given into a single channel Y-can 
inserted into a forearm vein and were im- 
mediately followed by an infusion of the hypnotic 
used for induction, mixed with alfentanil in a 
50-ml syringe, given by the same route. The 
syringe was filled with 300 mg propofol 1% 
together with alfentanil 1.5 mg, or 300 mg 
methohexitone 1% and alfentanil 2 mg. A 


infusion anaesthesia may cause 


Fresenius syringe pump modified to give up to 
150 ml/hour was used to give six times zhe doses 
used for induction per hour initially. The trachea 
was intubated and the lungs ventilated with 
approximately 40% oxygen in air to main- 
tain normocapnia. 

Alcuronium 5 mg was given as indizated by 
increasing neuromuscular transmission. The 
infusion rate was increased and/or a bolus dose of 
the anaesthetic mixture given if an autonomic or 
somatic nervous reflex response to surgery was 
observed. The rate was usually reduced by 
approximately one third when mean EEG 
frequency fell to 7 or 8 Hz, usually 20-30 minutes 
after induction of anaesthesia. Infusion was 
stopped 10 minutes before the expected end of 
surgery. A bolus of 10 mg propofol or metho- 
hexitone was given if a rise in frontalis EMG 
indicated that the patient was about to recover 
consciousness before surgery was comp.ete. 

The time to onset of spontaneous veatilation 
following the start of tachycardia after atropine 
1 mg and neostigmine 2.5 mg were given together 
intravenously during skin closure, was noted. The 
peak end tidal carbon dioxide concentrazion was 
then recorded, and the trachea extubated. The 
patient was subsequently asked at 14-second 
intervals to protrude the tongue and the time 
when this request was complied w-th was 
noted. 

Any side effects or complications cbserved 
during induction, maintenance or recovery from 
anaesthesia were noted. During induction, the 
patient was asked ‘Are you comfortable?” and if 
pain was reported, its severity assessed. After 
recovery, the patient was asked if he wculd like 
to receive the same anaesthetic again and the 
anaesthetist graded the ease of control of anaes- 
thesia and quality of recovery as good, adequate 
or poor. A specific enquiry regarding awareness 
during surgery was made. 


Resalts 


The patient demographic data are given in 
Table 1. The majority of operations performed 
were upper abdominal (mainly gas:ric or 
cholecystectomy). Hysterectomy or other lower 
abdominal surgery was performed or seven 
patients who received methohexitone and six in 
the propofol group, and thyroid surgery on two 
patients who received propofol and one who 
received methohexitone. Table 2 records the 
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Table 1. Patient demography; means (SEM) 





Groups n Age (years) Weight (kg) 
Propofol 21 44.1 (2.2) 69.5 (1.9) 16 F 
Methohexitone 21 43.6 (3.1) 67 (2.5) 13 F 





Table 2. Mean durations (SEM) of administration (I), surgery and anaesthesia (A) (induction to end of surgery), 











minutes. 
Group Infusion Surgery Anaesthesia A-~I 
Propofol 76.7 (7.7) 71.9 (0.4) 85.8 (8.2) 9.1 (1) 
Methohexitone 74.5 (8.6) 69.8 (8.9) 83.9 (8.7) 9.4 (1) 


Table 3. Mean (SEM) drug dosage, mg. 





Group Induction Total Rate mg/kg/minute 
Propofol 131.7 (3.8)* 762.2 (58) 0.143 
Methohexitone 105 (4.9)* 703.8 (61) 0.141 
Alfentanil 


(with propofol) 


3.75 i.e. 0.7 pg/kg/minute 


(with methohexitone) 4.65 i.e. 0.93 peg/kg/minute 


*p<0.05, t-test. 


mean duration of administration of anaesthetic 
drugs, from induction until end of infusion or the 
ultimate bolus dose, the mean duration of surgery 
and the mean duration from the last dose of 
anaesthetic until the end of surgery in each group. 
There are no differences between the groups. The 
mean doses of alfentanil, propofol and metho- 
hexitone used and the rates of administration 
are given in Table 3. The dose of propofol 
used for induction of anaesthesia was sig- 
nificantly greater than that of methohexitone, 
(p<0.05, t-test) but there were no differences 
between the groups in overall dosage or rate of 
use of the intravenous anaesthetics or alfentanil. 

There were no major problems in using the 
technique for major surgery. Conditions for 
surgery were completely acceptable at all times 
and patients were generally very pleased with the 
technique. All patients who received propofol 
stated that they would choose to have the same 
anaesthetic again. Five of the patients who 
received methohexitone indicated that they 
would choose to have the same anaesthetic again. 
Five of the patients who received methohexitone 
indicated that they would not choose the same 
anaesthetic again, due to slow or confused 
recovery or side effects during induction of anaes- 
thesia. All patients were unconscious throughout 
surgery. There were three instances of technical 
problems; in one case the cannula became dis- 
lodged from the vein and the methohexitone— 


alfentanil mixture extravasated; in a second case 
the anaesthetic infusion became detached from 
the main infusion; in the third instance, the pump 
(in this case a Vickers Treonic 3) failed to deliver 
the set rate. In each case the patient monitoring 
gave early warning of the infusion failure which 
was rapidly corrected (in the case of the pump 
failure, by manual infusion). 

There was a significant difference in the 
incidence of side effects in the groups (p<0.05, 
Chi squared test). In the methohexitone group, 
nine patients suffered a total of 11 side effects 
during induction of anaesthesia; four had pain 
during injection, three myoclonia and four hic- 
cup; another patient was confused during 
recovery. In the propofol group two patients felt 
pain during injection. There were no side effects 
during maintenance of anaesthesia in either 
group. 

The cardiovascular effects of anaesthesia are 
illustrated in Figs 1 and 2. In both groups there 
was a similar, significant fall in systolic and dias- 
tolic arterial pressure 2 and 3 minutes after 
induction of anaesthesia (p < 0.05, paired t-test), 
which was reversed by tracheal intubation, 
although the mean values did not exceed control 
levels. Subsequently, mean systolic values in both 
groups and diastolic values in the propofol group 
fell below control levels at some times. There were 
significant differences between the groups 4 min- 
utes after intubation, and 15 minutes after 
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Fig. 1. Mean systolic and diastolic arterial blood pressure during the first 50 minutes 
of anaesthesia (SEM). ——, Methohexitone; ------ , propofol. *Difference between 
groups p<0.05, t-test. 
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Fig. 2. Mean pulse rate during the first 50 minutes of anaesthesia (SEM). ——, 

Methohexitone; - ----- , propofol. *Difference between groups p < 0.05, t-test. No means 

during propofol anaesthesia differ from control,.all means during methohexitone 
anaesthesia are greater than control, p<0.05, paired t-test. 


induction of anaesthesia; in each case, the values from pre-induction levels, but during metho- 
were lower in the propofol group (p<90.05, t-test). hexitone/alfentanil anaesthesia every mean value 

During propofol/alfentanil anaesthesia, at no was Significantly greater than control levels 
time did mean cardiac rate differ significantly (p<0.05, paired t-test). There was a significant 


“ 


AN 


S 


difference between the groups at most times 
(p <0.05, t-test). The increases in heart rate and 
arterial blood pressure following tracheal intuba- 
tion were greater and persisted longer after 
methohexitone than after propofol. 

Control of level of narcosis and autonomic 
nervous response to surgical stimulation was 
more readily maintained by propofol and alfen- 
tanil than by methohexitone and alfentanil. 
Increases in systolic arterial blood pressure in 
excess of 10% greater than pre-anaesthetic 
values were rare, as were instances of a heart rate 
over 100 beats/minute in the propofol group, in 
which ease of control was classified as good in 19 
patients and adequate in two. In the metho- 
hexitone group, control was considered to be 
good in 13 patients, adequate in five and difficult 
in three. An increase in infusion rate, or bolus 
injections in addition to the infusion were 
required in seven of the patients who received 
methohexitone and in four of those who received 
propofol; the extra dosage involved resulted in a 
similar overall dose requirement in each group. 

After infusion was stopped, a mean time of 
about 9 minutes before the end of surgery in each 
group, three patients required bolus doses of 
methohexitone because of incipient awareness 
during surgery, compared with seven patients 
requiring propofol; this suggests a faster recovery 
after the latter drug. This was confirmed by the 
average time to protrusion of the tongue on 
request, measured from the time of administra- 
tion of the final dose of the drug; this was 12.4 
(range 4-24) minutes after propofol and a sig- 
nificantly longer 20.9 (4-57) minutes after 
methohexitone (p<0.001, t-test after log 
transformation). 

Recovery was assessed by the anaesthetist as 
good in 20 patients, adequate in one after 
propofol, but good in only six patients, adequate 
in nine and poor (because of prolonged un- 
consciousness) in six after methohexitone 
(p <0.001, Chi squared test). 

There was, however, no difference between the 
groups in the time to onset of spontaneous 
breathing after reversal of neuromuscular block; 
this was, on average, 59 seconds (range 0-3.5 
minutes) after propofol and and 61 seconds 
(0-6 minutes) after methohexitone. The mean 
maximum end tidal Pco, levels observed in each 
group during established breathing, before 
extubation, were similar and the maximum values 
recorded were also similar, indicating a degree of 
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respiratory depression that was acceptable. After 
propofol and alfentanil, the average and range 
were 5.6 (4.3-6.5 kPa) and after methohexitone 
and alfentanil 5.4 (3.6-6.9 kPa). 


Discussion 


This investigation clearly confirmed that the 
theoretical advantages of propofol over metho- 
hexitone as an intravenous anaesthetic are 
apparent in clinical practice. The smooth induc- 
tion characteristics of propofol were observed 
and provided an onset of unconsciousness that 
was generally preferred to induction by metho- 
hexitone. Both drugs maintained unconscious- 
ness without side effects in these paralysed, ven- 
tilated patients, but control was easier with 
propofol, with fewer interventions in the form of 
bolus increments than were required with 
methohexitone. In three patients who received 
methohexitone, rises in pulse rate and frontalis 
EMG required numerous supplementary doses of 
methohexitone and alfentanil to be given in rapid 
succession before the signs of adrenergic nervous 
activity and incipient awareness seen at onset of 
surgery were abolished. Recovery was faster after 
propofol than after methohexitone, perhaps pre- 
dictably in view of the rate of elimination of the 
drugs from the body; this confirms experiences 
with propofol and alfentanil and methohexitone 
and alfentanil in shorter anaesthetics.’ 

The dosage of each drug required was easily 
ascertained by the monitoring employed. Over- 
dosage, which produced an unwanted intensity of 
narcosis, was seen as a decreasing mean ampli- 
tude and frequency of the EEG. Underdosing 
produced the reverse effect, culminating in a 
sharply rising frontalis EMG with impending 
consciousness. Thus, dosage of hypnotic drug 
could be minimised. Stopping the infusion before 
the end of surgery, using a bolus if required to 
prevent awareness during surgery, generally 
allowed very rapid recovery after the completion 
of surgery, in the case of propofol comparable 
with recovery after nitrous oxide and fentanyl. 

The effectiveness of alfentanil in controlling 
autonomic (and to some extent somatic) reflex 
nervous responses to surgery was excellent, as can 
be seen from Figs ! and 2. The amounts infused, 
although in line with the author’s previous 
practice,” were smaller than those frequently 
recommended!!! and did not cause clinically 
significant respiratory depression after reversal of 
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neuromuscular blockade. 

The chemical and pharmacokinetic inter- 
actions that may occur when alfentanil is 
administered together with propofol or metho- 
hexitone were not considered and were not 
apparent clinically. The agents had been used 
together in an earlier study, but with little 
physical admixture.” The very low water 
solubility of propofol would make rapid chemical 
changes unlikely, but destabilisation of the 
emulsion such as occurs with mixtures of 
propofol and atracurium (Higgins, B, personal 
communication) is possible. Such a change was 
not visually apparent in the present study, where 
the maximum duration of admixture of propofol 
and alfentanil was approximately 30 minutes. 

A pharmacokinetic interaction between 
propofol and fentanyl, resulting in plasma 
concentrations of propofol that are greater than 
predicted has been reported.*!° However, the 
higher than expected plasma concentrations did 
not appear to increase the clinical effect of 
propofol. This apparent interaction might be due 
to changes in the elimination or distribution of 
propofol by fentanyl, and it would be of interest 
to ascertain whether similar interactions occur 
between propofol and alfentanil. However, 
despite the similarities of pharmacological effects 
‘of alfentanil and fentanyl, the pKa, pH and 
distribution in the body are so dissimilar as to 
make any inferences concerning similar inter- 
actions occur between propofol and alfentanil. 

The possibility of alfentanil being less available 
because of absorption into the emulsion exists, 
and would require a bio-assay to detect it. The 
present study offered evidence that such an effect 
is clinically insignificant, as the rate of use of 
alfentanil was similar to earlier experiences. 

The pharmacokinetics of propofol indicate 
that after intravenous injection, there is a rapid 
distribution of the drug from blood into tissue, 
followed by fast metabolic clearance (t1)2 
approximately 45 minutes) from the blood; a final 
phase of slow elimination of propofol (tı;2 about 
280 minutes) probably correlates with a slow 
return of the drug from poorly perfused fat into 
the blood.* Thus, accumulation of propofol is to 
be expected during continuous infusion at a fixed 
rate, resulting in higher than predicted blood con- 
centrations!? and slower recoveryt? than after a 
bolus injection of the drug. It is therefore 
important to use the best monitoring of intensity 
of narcosis and potential awareness available, to 


minimise the total dose of propofol infused (and 
therefore the quantity of drug accumulated in 
poorly perfused fat) and to allow the infusion to 
be stopped well before the end of surgery. The 
drug can then be given according to patient 
responses and plasma concentrations allowed to 
fall towards the end of surgery, so that waking 
occurs soon after surgery.is complete. A bolus of 
propofol can be utilised to raise plasma con- 
centration rapidly and to maintain uncanscious- 
ness should waking appear to be imminent during 
surgery; the subsequent fall in plasma concen- 
tration due to redistribution should then >e rapid, 
with waking occurring only after a few minutes. 
Such a method of application is also appropriate 
for alfentanil, rather than the use of a predeter- 
mined infusion regimen to maintain a theoretical 
therapeutic plasma concentration through to 
the end of surgery.1+ The problem of clinically 
important respiratory depression was thereby 
avoided in the present study, which alsc demon- 
strated that the one syringe technique used allows 
the theoretical suitability of alfentenil and 
propofol for infusion anaesthesia to be simply 
and conveniently translated into effective clinical 
use. 


References 


1. SavecE TM, Ramsay MAE, Curran JPJ, 
COTTER J, WALLING PT, Smrson BR. Intravenous 
anaesthesia by infusion. A technique using alphax- 
olone/alphadolone (Althesin) Anaesthesia 1975; 30: 
757-64. 

2. WALDRON HA, Cookson RF. Use of a viewdata 
system to collect data from a multicentre clinical 
trial in anaesthesia. British Medical Journal 1984; 
289: 1059-61. 

3. NIGHTINGALE P, Perrs HV, Heaty TEJ, Kay B, 
McGuinness K. Induction of anaesthesia with 
propofol (‘Diprivan’) or thiopentone and inter- 
actions with suxamethonium, atracucium and 
vecuronium. Postgraduate Medical Journal 1985; 
61, Supp 3: 31-4. 

4. Cocxsuotr ID. Propofol (‘Diprivan’) phar- 
macokinetics and metabolism—an overview. 
Postgraduate Medical Journal 1985; 61, Suppl 3: 
45-50. 

5. Kay B, VERNIQUET AJW. Disoprofol and fentanyl 
for total intravenous anaesthesia. Abstracts Vol. I 
and II, 8th World Congress 1984 Anaesthzsiologists. 
Ecay LM, DeLa Cruz-Oni M, Eds. World 
Federation of the Society of Anaesthesiologists, 
Manila, Philippines. 

6. Bower S, Hutt CJ. Comparative pharmaco- 
kinetics of fentanyl and alfentanil. Britis} Journal of 
Anaesthesia 1982; 54: 871-7. 


+} 


7. 


10. 


Kay B. Etomidate and alfentanil infusion for major 
surgery. Acia Anaesthesiologica Belgica 1984; 35: 
19-24. 


. Kay B, Rorty G. Total intravenous anaesthesia 


with etomidate. 3. Experience with adults. Acta 
Anaesthesiologica Belgica 1977; 28: 157-60. 


. Kay B, Heaty TEJ. Propofol (‘Diprivan’) for 


outpatient cystoscopy. Efficacy and recovery com- 
pared with Althesin and methohexitone. Post- 
graduate Medical Journal 1985; 61, Supp 3: 108-14. 
ScHUTTLER J, STOECKEL H, WILMS M, SCHWILDEN 
H, Lauven PM. Ein Pharmakokinetisch begrun- 
detes Infusionmodelle fir Etomidat zur Aufrech- 
terhaltung von Steady State Plasmaspiegeln. 
Anaesthetist 1980; 29: 662-6. 


12. 


13. 


14, 


Propofol and alfentanil infusion 595 


. STEEGERS PA, Booy LHDJ, PELGRom R. Con- 


tinuous infusion of alfentanil. Acta Anaesthesio- 
logica Belgica 1982; 33: 81-7. 

SCHUTTLER J, Sroscxer H, ScuHwipen H. 
Pharmacokinetic and pharmacodynamic modelling 
of propofol (‘Diprivan’) in volunteers and surgical 
patients. Pastgraduate Medical Journal 1985; 61, 
Supp 3: 53-4. j 
GEPTS E, Claeys AM, Camu F. Pharmacokinetics 
of propofol (‘Diprivan’) administered by con- 
tinuous intravenous infusion in man. A preliminary 
report. Postgraduate Medical Journal 1985; 61, 
Suppl 3: 51-2. 

Kay B. (Correspondence) Acta Anaesthestologica 
Belgica 1984; 35: 246-8. 


Anaesthesia, 1986, Volume 41, pages 596-599 


CASE REPORT 


Peri-operative management of carcinoid 
syndrome using ketanserin 


K. HOUGHTON anp J. A. CARTER 


Summary 


This report describes the successful use of ketanserin, a 5-HT, receptor antagonist, for the acute control 
of systemic blood pressure in a patient with the carcinoid syndrome, undergoing hepatic artery embolisation. 
Serial measurements of plasma 5-hydroxyindoles, platelet 5-hydroxytryptamine and plasma cate- 


cholamines are also given. 


Key words 


Blood pressure; carcinoid. 
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Ketanserin is a drug which binds to 5-hydroxy- 
tryptamine (5-HT,) type 2 receptors and: is 
known to have an acute hypotensive effect.':? It 
has been stated that in therapeutic doses, the 
effects of amines other than 5-HT are not blocked 
and central side effects are absent.! However, it 
is also bound to a lesser extent to histamine (H,), 
alpha-1-adrenergic receptors? and possibly to D- 
receptors in smooth muscle‘ and side effects are 
seen in the higher therapeutic doses.5 Its use 
results in a decrease in pulmonary artery pressure, 
pulmonary wedge pressure, right atrial pressure 
and total peripheral resistance.' 

Ketanserin may reduce systemic blood 
pressure by 5-HT, receptor blockade, by 
preventing amplification of alpha-l-adrenergic 
stimulation by 5-HT,®° or by alpha-1-adrenergic 
antagonism.’ ~? 

Ketanserin has been used orally to treat 
symptoms of carcinoid syndrome and intra- 
venously in the management of a patient with 
carcinoid syndrome undergoing laser-photo- 





resection of a bronchial metastasis.!° Hepatic 
arterial embolisation is used to control symptoms 
of the malignant carcinoid syndrome.’! We 
report the use of ketanserin for acute control of 
blood pressure during and after this pro- 
cedure, with serial measurements of plasma 5- 
hydroxyindoles (5-H]), platelet 5-HT and plasma 
catecholamine levels. 


Case history 


A 55-kg-female aged 67 years had undergone a 
right hemicolectomy for histologically proven 
ileocaecal carcinoid tumour 5 years previously. 
She now presented with frequent attacks of 
diarrhoea and facial flushing, hepatomegaly 
and a urinary 5-hydroxyindole acetic acid 
(SHIAA) level of 400 pmol/litre (normal <35 
pmol/litre). Systemic arterial blood pressure was 
130/80 mmHg. Ultrasound liver scan demon- 
strated multiple metastases, and so hepatic artery 
embolisation was proposed. Pre-operatively, she 
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received cyproheptadine (a histamine and non- 
selective 5-HT receptor blocker) 4 mg tds orally 
for 48 hours. Intravenous methylprednisolone 
1 g, flucloxacillin 500 mg, metronidazole 1 g, 
tobramycin 120 mg and an infusion of aprotonin 
50000 units/hour were given immediately pre- 
operatively as currently recommended.!? Intra- 
arterial and central venous cannulae were 
inserted for continuous monitoring and 
sampling. 

The hepatic artery arteriogram caused a slight 
transient rise in blood pressure, but embolisation 
of the hepatic artery with Gelfoam caused an 
immediate rapid rise in systemic blood pressure 
from 160/80 to 204/104 mmHg, tachycardia, 
facial flushing and nausea. (Fig. 1). Ketan- 
serin 10 mg intravenously. effected a rapid 
immediate decrease in blood pressure to 
150/90 mmHg with resolution of flushing and a 
fall in heart rate. Ten minutes later a further 
hypertensive episode was treated with ketanserin 
5 mg and blood pressure fell rapidly from 210/ 
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104 mmHg to 120/80 mmHg. Subsequently, 
arterial and central venous pressures fell further 
and one unit of human plasma protein fraction 
was infused. ` 

After embolisation, aprotonin, antibiotic 
therapy and cyproheptadine were continued. 
Five hours after embolisation, blood pressure 
rose again and ketanserin 5 mg effected a 
fall from 190/95 to 140/67 mmHg within 60 
séconds. A continuous infusion of ketanserin at 
10 mg/hour maintained pressure at this level. 
When this was discontinued, blood pressure 
immediately rose to 160/70 mmHg. The following 
day, two further hypertensive episodes occurred 
which responded to phentolamine 5 mg intra- 
venously. Thereafter, systemic blood pressure 
settled at 110/70 mmHg. 

Baseline samples were taken for plasma 5-HI, 
platelet 5-HT and plasma catecholamine levels 
and at 1, 3, 5 and 10-minute intervals following 
hepatic artery embolisation. The assay used for 
plasma 5-HI and platelet 5-HT levels was a 
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Table 1 
Time Event Plasma Platelet Plasma Plasma Arterial Pulse 
5-HI 5-HT noradrenaline adrenaline blood rate 
pressure 
(minutes) (ng/ml) (ug/2 x 10° (ng/ml) (ng/ml) (mmHg) (beats/minute) 
platelets) 
Pre-embolisation 230 1.84 0.15 0.05 160/80 75 
0 Embolisation 170/80 95 
1 l-minute sample 299 2.02 0.30 0.09 175/95 105 
3 3-minute sample 284 1.87 0.37 0.13 190/95 115 
5 5-minute sample 383 1.97 0.60 0.19 200/100 100 
7 Ketanserin 10 mg iv 204/104 102 
9 155/75 95 
10 10-minute sample 349 2.06 1.07 0.31 190/95 105 
18 Ketanserin 5 mg iv 210/104 104 
20 130/65 85 
29 l unit HPPF 85/55 70 
5hour Ketanserin 5 mg iv 190/95 
Ketanserin 
10 mg/hour 140/67 
Ketanserin discont. 160/70 
24 hour 24-hour sample 276 1.36 110/60 


Normal values; plasma adrenaline:0.05-0.2 ng/ml; plasma noradrenaline:0.2-0.4 ng/ml; plasma 5-HI:approx. 
126 ng/ml; platelet 5~-HT:(0.07 yg/2 x 10° platelets—one series only). 


modification)? of that used by Drummond and 
Gordon.'* The catecholamine assay was a 
modification of the method of Causon et al.'* 


Discussion 
This experience with ketanserin suggests that it 
may be an extremely useful agent for the acute 
control of hypertension in patients with carcinoid 
syndrome undergoing major procedures. Despite 
pre-operative preparation, cardiovascular 
stability is known to be difficult, to maintain in 
some patients and considerable fluctuations in 5- 
HT levels have been noted in association with 
flushing episodes.!5 In our patient, pre- 
operative treatment with cyproheptadine did not 
prevent peroperative flushing and hypertension 
and oral ketanserin may be a better alternative.'° 
Plasma 5-HI and platelet 5-HT levels remained 
high (Table 1, Fig. 1) while flushing and hyper- 
tension resolved, suggesting that 5-HT, receptor 
blockade is the mechanism of action of ketan- 
serin. Catecholamine levels rose markedly and 
ketanserin could also have prevented the 
amplification effect of 5-HT on catecholamine- 
induced hypertension, or direct alpha-1- 
adrenoceptor blockade could have been involved. 
Whatever the exact mechanism of action, ketan- 
serin appears to be a useful agent in the peri- 


operative management of the carcinoid syn- 
drome. 
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CASE REPORT 


Anaphylaxis to precurarising doses 
of gallamine triethiodide 


J. F. HARRISON anp A. G. BIRD 


Summary 


Two cases are described in which patients developed acute anaphylactic reactions to precurarising aoses 
of gallamine. Life threatening complications can arise from the use of small dosés of drugs as adjuncts to 
anaesthesia and raises the question whether the benefits of precurarisation outweigh the risks of ana- 


phylaxis. 


Key words 
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Gallamine hypersensitivity bas been well 
documented. Early reports in the United 
Kingdom from Lopert! and Walmsley? described 
cutaneous flushing after its use. This was fol- 
lowed in the early seventies, by several reports of 
bronchospasm during anaesthesia in which 
gallamine had been used,>~®° but, despite skin 
testing, gallamine was not conclusively proved to 
be the cause. Since then, only two cases have been 
reported in the British literature, from Brown 
19787 and Harrison 1981,8 in which although 
gallamine was used as part of an induction 
sequence, no positive identification of the 
causative agent was obtained on either occasion. 
In Australia, however, there have been several 
reports in recent years from Evans,° McKie,?° 
Fisher!! (three cases) and Long’? (four cases), all 
‘identifying gallamine as the causative drug on 
a subsequent skin testing. Furthermore, in a review 
of skin testing from the Immunology Department 
in Auckland, New Zealand,!? 54 suspected casés 
of gallamine hypersensitivity were investigated, 


with fifteen positive results, in a period from 
1977-1983. 

This apparent geographical difference has been 
commented. on by Fisher,!} and it has been 
suggested that previous exposure to unknown 
environmental compounds could sensitise the 
patient to the quaternary ammonium group 
found in muscle relaxants. Alternatively, the 
differences could simply be a reflection of usage, 
or even a failure by British anaesthetists to report 
reactions. 

Gallamine hypersensitivity has been well 
reported, but anaphylaxis to precurarising doses 
is relatively uncommon. Brown’ described a case 
where gallamine was suspected as the culprit, but 
this could not be confirmed from skin testing, and 
in a recent review of intradermal testing from 
Wellington; New Zealand,'* only three cases of 
anaphylaxis to precurarising doses of unspecified 
relaxants were cited over a 7-year period. 

The two cases described below occurred in a 5- 
month period in the Newcastle area, and tend to 
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suggest that adverse reactions to gallamine are 
perhaps more common than previously realised. 


Case histories 
Case one 


A 23-year-old woman with insulin-dependent 
diabetes was admitted for extraction of wisdom 
teeth. She had undergone three previous 
operations for cataract surgery without incident; 
anaesthesia was conducted using thiopentone 
and suxamethonium with halothane as main- 
tenance on each occasion. No history of atopy or 
allergy was obtained pre-operatively. A glucose/ 
insulin/potassium infusion was in progress and 
blood sugar was 7-10 mmol/litre before 
induction. 

Gallamine 20 mg, fentanyl 40 yg and lig- 
nocaine 1% 1 ml to reduce the discomfort 
of subsequent methohexitone were mixed in the 
same syringe and injected intravenously as 
a bolus. Almost immediately the patient com- 
plained of a constricting sensation in her 
throat, began to cough and requested that 
the procedure be terminated. Methohexitone 
100 mg and suxamethonium 75 mg were given 
intravenously and a nasal tracheal tube was 
passed. The patient then became very pale, 
sweaty, intensely vasoconstricted and peripher- 
ally cyanosed and although her radial pulse was 
impalpable and blood pressure unrecordable, a 
carotid pulse could be felt. 

An electrocardiograph showed a sinus tachy- 
cardia of 150 beats/minute; the patient was 
ventilated with 100% oxygen and an infusion 
of normal saline was commenced. One litre 
of normal saline was given over 10 minutes, 
her systolic blood pressure rose to 70 mmHg, the 
cyanosis disappeared and she began breathing 
spontaneously. 

On return of consciousness the patient was 
extubated and transferred to the intensive care 
unit, where the systolic blood pressure was 50 
mmHg, heart rate 120 beats/minute and blood 
sugar 10 mmol/litre. Six hours later the patient 
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developed finger and facial oedema with a dif- 
fusely flushed appearance over her arms and 
trunk. This subsided over the next 24 hours, her 
blood pressure returned to pre-operative values 
and she was later discharged home. Blood was 
taken for IgE, C}, C, and total haemolytic 
complement (CH;.) on days 1, 2 and 7, and 
showed an initial reduction in C, and CHsp 
compatible with an anaphylactic reaction and a 
slight rise in IgE (Table 1). Eight weeks later, 
intradermal testing for all the agents used was 
undertaken and showed no reaction to any of 
them except gallamine at a dose of 4 ug which 
produced an immediate derma! reaction with a 
2.5 cm diameter wheal at 10 minutes, associated 
with a feeling of throat constriction lasting 
2 minutes. Three months following the incident, 
she was admitted for wisdom teeth extraction and 
received an uneventful anaesthetic consisting of a 
gaseous induction and intubation using halo- 
thane, nitrous oxide and oxygen. 


Case two 


A 54-year-old woman with a past history of 
hypertension treated with oxprenolol and 
methyldopa was admitted for bilateral antral 
washouts. In the past she had undergone a hernia 
repair as a child and antral washouts 18 months 
previously, receiving an uneventful anaesthetic 
consisting of thiopentone and suxamethonium 
with nitrous oxide, oxygen and halothane as 
maintenance. She admitted to a penicillin allergy 
on questioning. . 

A precurarising dose of gallamine 18 mg was 
followed by induction of anaesthesia with metho- 
hexitone 55 mg with 0.8 ml lignocaine 1% 
during which she began to cough and jerk her 
head. The trachea was intubated after suxa- 
methonium 75 mg and immediately afterwards 
the patient became cyanosed with a markedly 
raised inflation pressure suggestive of broncho- 
spasm. The carotid pulse was impalpable, so 
external cardiac massage was commenced, the 
patient ventilated with 100% oxygen and 
terbutaline 0.5 mg, hydrocortisone 200 mg and ` 


Table 1. Immunological investigations 


C, (0.75-1.5 g/litre) 
1 hour 24 hours 7 days 


Case 1 0.83 0.85 0.99 0.14 0.16 
Case2 0.91 0.81 0.96 0.18 0.15 


C, (0.14-0.42 g/litre) 
1 hour 24 hours 7 days 


CH so (1260-2880 g/litre) IgE (10-150 i.u.) 


1 hour lhour 3/12 
0.19 800 170 236 
0.19 1600 36 ? 
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Table 2. Intradermal skin tests 


Drug Case 1 
Lignocaine Negative 
Fentanyl Negative 
Gallamine 4 ug strongly positive 
Suxamethonium 500 ug weak positive 
Methohexitone Negative 


chlorpheniramine 10 mg given intravenously to 
reverse the bronchospasm. Five minutes later the 
patient’s colour improved, with relaxation of the 
bronchospasm and return of the carotid pulse. 
She began breathing spontaneously, con- 
sciousness returned and her skin became a diffuse 
salmon-pink. 

One hour later the patient was transferred to 
the intensive care unit at the base hospital five 
miles distant, where she was found to be alert and 
responsive, with a systolic blood pressure of 100 
mmHg and a heart rate of 140 beats/minute. 
After a further hour, she was extubated without 
incident and 6 hours later her blood pressure and 
pulse had returned to pre-operative values. 

Immunological investigations undertaken on 
days 1, 2 and 7 were all within normal limits 
(Table 1), but skin testing after 6 weeks revealed 
a marked wheal and flare to gallamine after a 
2 ug intradermal injection, with no response to 
any other drug used, (Table 2). 


Discussion 
Mechanism of anaphylaxis 


Neuromuscular blocking agents possess the 
ability to cause histamine release! and, 
according to one viewpoint, reactions to them 
may be due to an unexplained increase in mast cell 
sensitivity.1? This would explain cross-sensitivity 
between similar drugs and first exposure re- 
actions, but not their low incidence or relation- 
ship with atopy. 

More recent evidence would suggest an IgE- 
mediated mechanism in a proportion of cases, 
based on immediate intradermal skin sensitivity, 
after single drug challenge with concentrations 
far below that necessary for histamine release in 
normal! subjects,‘>46!7 and from the use of 
radio-allergo-sorption techniques (RAST) to 
detect specific IgE antibodies to drugs in the sera 
of reactors. 

In this report we have not fully established the 


Case 2 


Negative 

(Not done) 

2 pg strongly positive 
250 ug weak positive 
Negative 


mechanism responsible for the observed reactions 
to gallamine. However, the extreme sensitivity of 
both subjects to intradermal challenge with very 
small doses of gallamine, associated with the 
relative insensitivity to suxamethonium challenge 
does not support direct histamine release as an 
explanation in these cases. At the doses of gal- 
lamine used for intradermal challenge, no 
positive reactions have been described in normal 
control subjects or individuals who received prior 
uneventful anaesthesia!+!® and limited personal 
observations in control subjects confirm this 
experience. In these two patients, positive intra- 
dermal challenge tests to gallamine were obtained 
with doses of the drug that are only explicatle by 
specific sensitivity of mast cells to that agent. 
Whether such sensitivity reflects mast cell 
idiosyncrasy, or IgE-arming would require 
further investigation. 

The technique of radio-allergo-sorption for 
detecting drug-specific IgE antibodies has not 
only lent credence to the suggestion that en- 
vironmental compounds, e.g. cosmetics, may 
cause previous sensitisation to relaxant drugs by 
the detection of specific IgE antibodies in the sera 
of patients without previous drug exposure,!® 
but has also revealed considerable cross- 
reactivity of IgE antibodies between different re- 
laxants, perhaps directed against the common 
quaternary ammonium group.!® This latter fact, 
when considered in combination with the work 
from Youngman,!? who skin tested 13 cases of 
suxamethonium sensitivity and found ten 
positive to both gallamine and tubocurarine, and 
five to alcuronium, would suggest that clinical 
cross-sensitivity between relaxants is a definite 
entity, and therefore should be borne in mind 
when known reactors to relaxant drugs receive 
subsequent anaesthesia. 


Management 


Treatment should be aimed at restoring intra- 
vascular volume by the rapid infusion of one or 


N 


two litres of colloid or crystalloid, securing the 
airway with a tracheal tube and ventilation with 
oxygen. The presence of bronchospasm demands 
the use of bronchodilator drugs, but the use of 
adrenaline, so often advocated in acute ana- 
phylaxis, is less certain and in both the cases 
reported it was considered inappropriate in the 
presence of tachycardias in excess of 150 beats/ 
minute and the appearance of intense vaso- 
constriction. 

Following initial resuscitation, transfer to an 
intensive care unit is essential and blood testing 
for IgE, RAST and complement assays under- 
taken on days 1, 2 and 7; the patient should be 
then referred for skin testing at a regional 
immunological centre after 6 weeks. 

After identification of the causative agent, the 
patient should be advised to wear a ‘medic alert’ 
bracelet. 


Alternative agents for precurarisation 


The benefits of precurarisation were investi- 
gated by Foster?° and White?! in the early 
sixties. Foster found a reduction from 59 percent 
to 38 percent in the incidence of muscle pains 
following suxamethonium, in outpatients pre- 
treated with gallamine 20 mg, while White 
showed a similar reduction in a population 
undergoing bronchoscopy. Clearly, this is a dis- 
tinct advantage in the day case or minor surgery 
patient, but does the added risk of anaphylaxis 
outweigh any advantage gained by its use? 

On present evidence, at least in the United 
Kingdom, the incidence of gallamine anaphylaxis 
is apparently so low that little benefit would ensue 
from avoiding its use, especially as the outcome 
of cardiovascular collapse is invariably good; on 
the other hand, any reduction in the incidence of 
anaphylaxis under anaesthesia must improve its 
safety, and from the immunologists view point, a 
reduction in the number of agents used during 
anaesthetic induction would greatly simplify the 
elucidation of clinical problems when they do 
occur. 

In an effort to find a more suitable drug 
for the prevention of suxamethonium pains, 
it would appear that neither alcuronium, 
pancuronium, nor tubocurarine have anything to 
offer as alternatives, since in a review by Clarke? 
of reported anaphylactic reactions, gallamine 
produced 17, tubocurarine 13, alcuronium seven 
and pancuronium five. 
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The recent introduction of vecuronium, with its 
rapid onset of action and absence of phar- 
macological side effects, initially suggested a low 
potential for anaphylaxis and promised to be an 
ideal agent for pretreatment. However, there has 
already been at least one report of a serious 
anaphylactic reaction following its use.?> It 
therefore remains to be seen whether it will have 
any advantage over the other non-depolarising 
agents, by possessing a significantly lower 
incidence of anaphylactic reactions. 


Conclusions 


Rapid anaphylaxis can follow the use of small 
doses of gallamine for precurarisation. In view of 
this, the role of gallamine administered in pre- 
curarising doses before suxamethonium should 
be re-assessed. The suggestion of an abnormal 
response to a drug during an anaesthetic 
induction sequence should prompt its ter- 
mination and not, as happened in the first case, 
be ignored, since in retrospect the addition of 
methohexitone undoubtedly compounded the 
cardiovascular collapse and complicated the ` 
immunological investigation. The evidence of 
cross-reactivity between relaxants seems to imply 
that a patient reacting adversely to one relaxant 
should only receive subsequent relaxants under 
careful supervision. 
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CASE REPORT 


Pulmonary occlusion (wedge) angiography in adult 
respiratory distress syndrome 


A survey of angiographic appearances and outcomes 


P. G. LAWLER 


Summary 


Pulmonary occlusion angiography was performed in 34 patients admitted to the intensive therapy unit with 
a diagnosis of adult respiratory distress syndrome. Twenty angiograms were normal. Ten patients survived. 


No patient with abnormal angiography survived. 


Key words 


Lung; adult respiratory distress syndrome. 


Measurement techniques; pulmonary occlusion angiography. 


Adult respiratory distress syndrome (ARDS) is a 
sinister component of severe illness. Tate and 
Repine stated that the mortality of patients 
suffering from ARDS exceeds 50% and that, at 
least in the USA, ARDS appeared to have an 
incidence greater than that of lung cancer.’ 
Pulmonary hypertension and a raised 
pulmonary vascular resistance are constant 
features of ARDS. A progressive fall in pul- 
monary vascular resistance is an indicator of 
survival.? In the normal lung, mean pulmonary 
artery pressure is largely independent of cardiac 
output and the vascular tree behaves as a Starling 
resistor, with the resistance falling as cardiac 
output rises. In ARDS, however, the pressure- 
flow diagram for lung vasculature suggests a sig- 
nificant degree of vasoconstriction or obstructive 
pulmonary vascular disease.? Furthermore, 
raised pulmonary vascular resistance is not 
simply a consequence of hypoxic pulmonary 
vasoconstriction‘ or a fallin lung volume. Studies 
on survivors of ARDS have shown a reduction in 
pulmonary capillary blood volume, compatible 


with a fall in the total pulmonary vascular area.‘ 
Postmortem studies of the lung vasculature of 
patients who have died from ARDS have shown 
obliteration of the alveolar-capillary bed, intra- 
alveolar haemorrhage, small vessel thrombi and 
emboli, infiltration with fibrous tissue and 
‘remodelling’ of the vascular tree with extension 
of the muscular coat of the large pulmonary ves- 
sels into more peripheral vessels.°~? 

Greene et al.'° applied the technique of 
pulmonary occlusion (or ‘wedge’) angiography to 
patients suffering from ARDS. This allowed 
visualisation of the pulmonary vascular tree in 
critically ill patients using a method easily 
applicable to the intensive therapy unit (ITU). In 
this technique, the balloon of a pulmonary flota- 
tion catheter was inflated, the catheter wedged 
and radio-opaque contrast injected through the 
distal lumen to displace the blood filling the 
occluded vascular tree. A portable chest X ray 
then disclosed the status of the vascular tree. They 
studied 40 patients, of whom 18 had angio- 
grams which were judged to be normal; the 
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rest were abnormal. The survival rate in patients 
whose angiographic pattern was abnormal was 
very low. 

A retrospective analysis of angiograms 
obtained in this ITU in the period I January 
1983 to 31 December 1984, has been made. 


Methods 


Patients admitted to the ITU with a provisional 
diagnosis of ARDS were studied. Balloon-tipped, 
flow-directed pulmonary artery catheters 
(American Edwards) were inserted in all patients 
in whom the diagnosis was considered likely and 
in whom positive pressure ventilation was also in 
progress. A diagnosis of ARDS was made if the 
history was appropriate, the patient was hypoxic, 
the chest X ray showed air space consolidation 
(pulmonary oedema), the lung compliance was 
poor and the pulmonary capillary wedge pressure 
was less than 12 mmHg with a serum albumin 
concentration of over 30 g/litre. Oncotic pressure 
measurement was not available during this 
period. All patients showed pulmonary hyper- 
tension, but because cardiac output catheters 
were not usually inserted, calculation of pul- 
monary vascular resistance was not possible. 
Angiography was performed immediately after 
insertion of the pulmonary artery catheter. 
Following wedging of the catheter, 15 ml sodium/ 
meglumine ioxaglate (Hexabrix, May and Baker 


Ltd, Dagenham, Essex) contrast was injected 
through the distal lumen. The dye was injected by 
hand by the author as rapidly as possible. A 
portable chest radiograph, with the lungs held 
inflated at 0.3 kPa, was performed immediately 
following injection of contrast. Following X ray, 
the balloon was deflated and the catheter was 
flushed for 15 seconds. On no occasion was there 
any increase in pulmonary artery pressure follow- 
ing injection of contrast. 

The chest X ray was reviewed and the angio- 
graphic appearance assessed immediately by the 
author, with particular attention to the venous 
filling phase, since its absence would suggest 
insufficient volume of contrast; however, it was 
always present. If the angiogram showed a filling 
defect in a large vessel, it was repeated im- 
mediately to ensure that this was not due to 
injection of an inadequate volume of contrast. On 
no occasion was there any change in the vascular 
pattern and any filling defects remained. 

No ethical clearance was obtained for this 
study because the treatment and investigation 
were part of the routine management of patients 
suffering from ARDS. 


Results 


Pulmonary angiography was performed on 34 
patients in the 2-year period. There were no 
complications and no failures. The mean age of 
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Table 1. Data from Greene er al.'° to show distribution of angiographic 
appearances and survival in 40 patients suffering from acute respiratory failure. 
Note that tortuosity was not seen in this series. 
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Table 2. Data of 34 patients and adult respiratory distress syndrome (ARDS), 
to show distribution of angiographic appearances and survival. 


the patients was 53 years. 

Angiograms were classified as normal or 
abnormal (Table 2). Abnormal angiograms were 
described on the basis of the predominant feature 
and classified as showing reduced background 
opacification (capillaries not seen), minor 


vessel occlusion (attributed to thromboses or 
emboli), filling defects in major vessels and 
tortuosity of peripheral pulmonary vasculature. 
Example angiograms are shown in Fig. 1~Sa. 
Twenty angiograms were normal; ten of these 
patients survived. Fourteen angiograms showed 
None of these patients 


some abnormality. 


survived. Three of the six patients with filling 
defects in pulmonary vessels had filling defects in 
major vessels, and three in minor vessels, at- 
tributed to thromboses or emboli. No angiogram 
showed a persistent filling defect limited to a 
single major vessel. 

During the period of the study, the treatment 
for ARDS remained the same, i.e. essentially 
supportive. Patients received high dose steroids, 
ketanserin, diuretics and inotropic support 
(dopamine, dobutamine or both). No change in 
therapy was made as a direct response to angio- 
graphic pattern, although vasodilators were 





Fig. I and la. Normal pulmonary occlusion angiogram and enlarged view. The patient 
sustained a cardiac arrest following tamponade from a viral pericarditis. Note arterial and 
venous phases and multiple vessels with surrounding reticular capillary blush. 
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Fig. 2 and 2a. Pulmonary occlusion angiogram and enlarged view to show straighten- 
ing and narrowing of vasculature, microthrombi or emboli (small filling defects) and 
partial loss of capillary reticular blush. 





Fig. 3 and 3a. Pulmonary occlusion angiogram and enlarged view to show large vessel 
thromboses/emboli. These filling defects remained when the angiogram was repeated 
using a large volume of contrast. 





Fig. 4 and 4a. Pulmonary occlusion angiogram and enlarged view to show 
tortuosity of peripheral vessels. There is some loss of the capillary blush. 
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Fig. 5 and Sa. Occlusion angiogram and enlarged view showing straightening and 
narrowing of vessels, microthrombi/emboli and almost complete loss of capillaries (loss 
of background opacification). 


occasionally used. Positive end expiratory pres- 
sure was used to ensure an arterial oxygen tension 
in excess of 10 kPa while breathing 60% oxygen. 
Review of patient data showed that all required 
positive end expiratory pressure (PEEP) oxygen 
tension, (0.4-1.5 kPa) all had a poly-morpho- 
nuclear neutrophilia, all were pyrexial, with 
positive blood cultures in over 60% of patients. 


Discussion 


The results of the angiographic study do not 
differ substantially from those reported by 
Greene et al.,!° with a similarly dismal outlook in 
those patients in whom angiography showed any 
significant abnormality (Table 1). Our study 
differs in that no patient showed the single major 
vessel filling defects seen by Greene and col- 
leagues; thus the outcome for these patients 
cannot be compared. Greene et al. did not 
comment upon patients showing a tortuosity 
pattern; the outlook was bad for such patients in 
our series. The survival rate for patients with 
normal angiographs was poorer in our series than 
that reported by Greene (50% versus 60%). 
Pulmonary hypertension in patients suffering 
from ARDS appears to be associated with an 
obstructed and/or vasoconstricted pulmonary 
vascular tree. Abnormal angiographic patterns 
would appear to support these postmortem 
observations. The retrospective observations seen 
in this study are also consistent with the view that 
the presence of an angiographic abnormality 
shows that the insult leading to that ab- 
normality has caused irreversible damage. Never- 
theless, measures such as the use of vasodilators 


to reduce pulmonary hypertension may be 
appropriate: fallin pulmonary vascular resistance 
is associated with a better outcome.* 

Available dilators include nitrates (e.g. glyceryl 
trinitrate), calcium antagonists (e.g. nife- 
dipine),''''? sodium nitroprusside, alpha 
blockers (e.g. tolazoline) and prostacyclin. 
Almitrine may have a special role in vasodilating 
well ventilated alveoli, without overcoming 
hypoxic pulmonary vasoconstriction in under- 
ventilated alveoli.!? In those patients in whom a 
severe obstructive element appears to be present 
(e.g. angiographic loss of capillaries), the role of 
anticoagulants or thrombolytic agents (strepto- 
kinase'*) has not yet been clearly defined. 
Furthermore, because right heart failure seems 
likely in a proportion of these patients, the use of 
vasodilators is reasonable. Whether the use of 
vasodilators alters the outcome in these severely 
ill patients is currently unclear. However, a single 
patient, recently treated with the calcium 
antagonist nifedipine, has survived despite 
having abnormal angiography. 
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CASE REPORT 


Halothane hepatitis in an 11-month-old child 


R. H. WHITBURN and E. SUMNER 


Summary 

Halothane hepatitis is extremely rare in childhood. However, this occurred in an 1l-month-old infant, 
following multiple exposure to halothane. The diagnosis was confirmed by detection of specific antibodies 
to halothane-sensitised rabbit hepatocytes. The anaesthetic technique for a subsequent procedure with a 


halothane-free breathing system is also outlined. 


Key words 


Anaesthesia, paediatric. 
Complications, hepatitis. 


Halothane-associated hepatitis is a recognised 
complication of adult anaesthesia. However, in 
paediatric practice it is regarded as virtually non- 
existent. Lewis and Blair! described a case in 1982 
in a 4-year-old girl who developed severe hepatitis 
following repeated exposure to halothane. We 
present our experience of an 11-month-old child 
who developed severe jaundice and liver disease 
after his seventh exposure to halothane. 


Case history 


The patient was an Asian male infant born with 
oesophageal atresia and a tracheo-oesophageal 
fistula (TOF). He was referred to the Hospital for 
Sick Children, Great Ormond Street, for treat- 
ment. He had the TOF repaired and a primary 
anastomosis of the oesophagus was performed on 
his first day of life and halothane was used as part 
of the anaesthetic. His initial postoperative 


recovery was uneventful and he was discharged 
home after 5 weeks. 

The ensuing 12 months were complicated by 
recurrence of the fistula with aspiration, re- 
current chest infections and difficulty in feeding. 
He consequently required surgery for further 
repair of the TOF when 15 weeks old, repeat 
oesophagoscopy and bronchoscopy at 22 and 36 
weeks respectively, aortopexy at 37 weeks and 
jejunostomy at 38 weeks of age. During each of 
the procedures he was exposed to halothane. He 
developed a low grade postoperative pyrexia on 
all but one occasion; 38.8°C was the highest 
recorded temperature on any occasion. Full 
blood examinations performed after each opera- 
tion did not show significant eosinophilia. 

Eventually, the child required a third repair of 
recurrent TOF when 42 weeks old, thus subject- 
ing him to his seventh halothane anaesthetic. 
During the procedure the child received a blood 


R.H. Whitburn*, MB, BS, FFARCS, Registrar, E. Sumner, BM, BCh, FFARCS, Consultant Anaesthetist, The 
Hospital for Sick Children, Great Ormond Street, London WCIN 3JH. 


*Present address: Department of Anaesthetics, Alfred Hospital, Commercial Road, Prahran, Victoria, Australia. 


0003-2409/86/060611 + 03 $03.00/0 © 1986 The Association of Anaesthetists of Gt Britain and Ireland 61 1 


612 R.H. Whitburn and E. Sumner 


transfusion of 50 ml. However, at no time intra- 
operatively or postoperatively was there a 
recorded period of hypotension. He was ven- 
tilated electively after the operation and the-e 
were no reported episodes of hypoxia. On the first 
and second postoperative days, the child spiked 
a temperature of 40.0°C. He was also noted to 
have a tachycardia and had 1.5 cm of palpabe 
hepatomegaly. On the fourth day he became 
jaundiced with a predominantly conjugated 
hyperbilirubinaemia. His liver function tests were 
as follows: serum bilirubin 163 pmol/litre (con- 
jugated bilirubin 142 pmol/litre), alanine amino- 
transferase (ALT) 1890 units/litre, alkaline 
phosphatase (ALP) 818 units/litre, prothrombin 
time 34 seconds (control 13 seconds), partial 
thromboplastin time kaolin 65 seconds (contrel 
34 seconds), thrombin time 25 seconds (contre! 
10 seconds). There was an eosinophilia of 
8%. A screen for sepsis, which included blood 
and urine cultures, was negative as were 
tests for infectious and serum hepatitis. Halo- 
thane hepatitis was eventually suspected and 
serum was sent to the King’s College Hospital foz 
detection of specific antibodies directed against 
the surface of halothane-altered rabbit hepato- 
cytes. Surprisingly, the result was positive. 
Subsequently, the child’s liver function deterior- 
ated marginally but he soon made progress to < 
full recovery and liver function tests returned tc 
normal 10 days after the onset of jaundice. 

Three months later, the child presented again 
for surgery, for a Nissen’s fundoplication. The 
anaesthetic technique used included a halothane- 
free system with cylinders of oxygen and air, 
flowmeters and clear polyvinyl chloride tubing 
was used to deliver a fresh gas flow, into a halo- 
thane-free T-piece system. Anaesthesia was in- 
duced with intravenous thiopentone, followed by 
suxamethonium; intubation was performed with 
a disposable tracheal tube (Portex). Anaesthesia 
was maintained with fentanyl, tubocurarine, a 
small dose of diazepam and manual ventilation 
with a mixture of oxygen and air. Neuromuscular 
block was reversed at the end of the procedure 
with neostigmine and atropine and the child was 
extubated. His postoperative course was unevent- 
ful, although he did develop a low grade pyrexia 
which subsequently resolved. Interestingly, on 
the third day after operation there was an 
eosinophil count of 10%. However, the child did 
not develop jaundice and made an other- 
wise uncomplicated recovery. 


Discussion 

Halothane hepatitis in children is rare. Wark in 
1983? reviewed the incidence of postoperative 
jaundice at the Hospital for Sick Children, Great 
Ormond Street, during a 23-year period between 
1957 and 1979. In this survey, he concluded that 
the risk of a child becoming jaundiced due to 
halothane-associated hepatitis was less than 
1:82 000. This compares with the incidence of the 
disease in adult patients of between 1:6300 and 
1:22. 000. The reason for this discrepancy in the 
incidence remains to be elucidated. 

There are two possible mechanisms involved in 
the pathogenesis of halothane-associated 
hepatitis. First, reactive metabolites of halo- 
thane, produced as a consequence of enhanced 
liver metabolism by either oxidative or reductive 
pathways, bind to liver cell macromclecules, 
causing enzyme inactivation and lipid peroxida- 
tion. This may, in turn, interfere with the 
normal production of the surface membrane, thus 
rendering it immunogenic. Second, the halothane 
molecule itself may act as a hapten and by directly 
reacting in some way with the cell membrane, 
may produce antigenicity and consequently an 
appropriate lymphocyte reaction against the 
hepatocyte. 

Unfortunately, neither of these theories of the 
possible mechanism of halothane hepato-oxicity 
lends any explanation to the relative rarity of the 
disease in children compared to adults; nor do 
they enable one to predict at what age the adult 
incidence occurs. The possibility of a limited 
ability in children to metabolise halothane by the 
reductive pathway has been discounted by the 
identification of reductive metabolites in the 
exhaled breath of children receiving halothane. 
Furthermore, as immune competence is present 
from birth, children should theoretically demon- 
strate similar behaviour to adults in response to 
the drug.? It has been suggested that children may 
have a resistance to liver damage induced by 
halothane metabolites due to the presence of 
protective substances such as free radical scaven- 
gers, or, alternatively, that their livers have a 
greater capacity to recover from insult than their 
adult counterparts.5 The patient’s family lives in 
Bangladesh and the family history has not been 
elucidated. 

Our patient developed halothane-asscciated 
hepatitis on this seventh exposure to the agent, 
possibly because of progressive sensitisaton to 


Table 1. Some causes of postoperative jaundice, after 
Sabiston® 





Haemolysis 

Operative stress superimposed on pre-existing liver 
disease 

Liver hypoxia during operation—hypoxaemia or 
underperfusion 

Leakage of bile into peritoneal cavity 

Viral hepatitis 

Drug or anaesthetic toxicity 

Extrahepatic biliary tract disorder 

Hepatic infection with abscess 

Septicaemia 

Pulmonary embolism 


halothane or increasing hepatic enzyme induction 
with each successive anaesthetic. Despite its 
rarity, halothane hepatitis should be considered a 
possibility in the list (Table 1)° of differential 
diagnoses of postoperative jaundice. The 
diagnosis may be difficult to make, but clinical 
criteria which should arouse suspicion include: 
repeated exposure to halothane within a short 
period of time, onset of high pyrexia and jaundice 
postoperatively, severe liver injury confirmed by 
grossly abnormal prothrombin time, eosinophilia 
of greater than 7% and exclusion of other 
causes of postoperative liver damage.” However, 
eosinophilia is a nonspecific hypersensitivity re- 
action and its occurrence postoperatively is of 
doubtful significance. 

It would appear at present, that the best 
diagnostic indicator is the presence of circulating 
antibodies reacting specifically with the cell 
membrane of hepatocytes isolated from halo- 
thane-exposed rabbits. These antibodies were 
first detected by Vergani et al.,? who showed that 
the antibodies are only detectable in patients with 
halothane-induced fulminant hepatic failure and 
were not present after repeated occupational 
exposure to the drug, after an uncomplicated 
halothane anaesthetic or during any other acute 
liver disease.* Neuberger et a/.1° propose that the 
presence of halothane-related antibody is a 
diagnostic test for halothane hepatitis, based on 
experience of 16 patients with liver damage 
after exposure to anaesthetic doses of the drug. 
On the basis of the presence of antibody, it is 
possible to distinguish those patients with 
halothane-related liver failure from those with 
viral or other types of hepatitis. 
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In conclusion, we still regard the repeated use of 
halothane in children as safe anaesthetic 
practice. However, we do recommend that the 
diagnosis of halothane hepatitis be enter- 
tained and excluded in the event of unexplained 
postoperative jaundice in a child repeatedly 
exposed to halothane. If the diagnosis cannot be 
excluded, then appropriate precautions should be 
taken to prevent further exposure and the risk of 
severe hepatic failure. 
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CASE REPORT 


Acute rhabdomyolysis following surgery for burns 


Possible role of tourniquet ischaemia 


P. M. PFEIFER 


Summary 


A case is reported of acute rhabdomyolytic renal failure following surgery for minor superficial skin burns. 
Rhabdomyolysis apparently started peri-operatively. Possible initiating causes are discussed, notably 
tourniquet ischaemia. The pathophysiology, diagnosis and treatment are reviewed. 


Key words 


Complications; burns, tourniquets. 


Muscle, skeletal, injury, myoglobinuria, rhabdomyolysis. 


Rhabdomyolysis is an acute degenerative process 
which occurs in striated muscle. A number of 
factors can trigger this process, some of which are 
encountered in anaesthetic practice. The 
following case is reported because rhab- 
domyolysis is unusual following superficial skin 
burns and because it appeared to have been 
triggered peri-operatively. The case demonstrates 
the potential severity of the condition, its 
presentation and the differential diagnosis. 
Theories on the aetiology of rhabdomolytic renal 
failure and its treatment are reviewed. 


Case history 


A 14-year-old school boy (weight 54 kg) 
presented with 17% burns following contact 
with fat from a chip pan. The right leg had 
full thickness burns and there were superficial 
burns on the left shin, right forearm and ab- 
domen. Prior to this he had been fit and well; he 
had had a Ramstedt’s operation for pyloric 


stenosis at 9 months of age, was on no medication 
and had no known allergies. 

On admission he was alert and orientated, not 
shocked, only mildly distressed and there was no 
respiratory problem. Cardiovascular observa- 
tions, full blood count, serum electrolytes and 
blood gases were all normal. 

Three days later he presented for skin grafting 
of his lower limbs and the pre-operative anaes- 
thetic assessment was unremarkable. Following 
oral premedication of 10 mg temazepam, anaes- 
thesia was induced with fentanyl 150 yg, 
thiopentone 300 mg and alcuronium 15 mg. A 
small dose of glycopyronium (0.2 mg) was given 
after induction, to dry secretions. Following 
tracheal intubation, anaesthesia was maintained 
by intermittent positive pressure ventilation of 
the lungs with 30% oxygen in nitrous oxide 
and further supplements of fentanyl 125 ug and 
alcuronium 10 mg. Enflurane 0.5% was used 
intermittently, amounting to 25% of the total 3- 
hour anaesthetic. 
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A tourniquet, inflated to a pressure of 
520 mmHg, was applied high up on the right thigh 
for 45 minutes. Despite a respiratory minute 
volume of 8 litres/minute, he remained normo- 
capnoeic with an end tidal carbon dioxide 
(PECO) of 4.5 to 4.7 kPa, attributed to the 
hypermetabolic state that can accompany burns, 
until the release of the tourniquet when the 
Peco, rose to 5.5 kPa. Peri-operatively, 
the patient received 500 ml dextrose/saline and 
four units of whole blood. The blood pres- 
sure and pulse were stable at approximately 
130/80 mmHg throughout the operation. Muscle 
relaxant reversal was achieved with glycopy- 
ronium 0.4 mg and neostigmine 2.5 mg. The post- 
operative visit 20 minutes later revealed a fully 
alert, non-distressed patient with stable obser- 
vations and on direct questioning he admitted 
only to a mild burning sensation in his feet. 

Five hours postoperatively he became dis- 
tressed, tachypnoeic (25 breaths/minute), hypo- 
tensive (100/60mmHg) and pyrexial at 38°C. 
Investigations revealed a serum potassium 
of 8.6 mmol/litre, sodium 128 mmol/litre and 
bicarbonate 15 mmol/litre. The serum urea 
and creatinine were slightly elevated at 
8.8 mmol/litre and 179 umol/litre respectively. 
The haemoglobin was 13.9 g/dlitre and the white 
cell count was 21.7 x 10%/litre. Arterial blood gas 
analysis showed pH 7.19, arterial oxygen tension 
(Pao,) 6.7 kPa (spontaneous ventilation in air), 
arterial carbon dioxide tension (Paco,) 6.2 kPa 
and a base deficit of — 10.5 mmol/litre. Chest X 
ray, blood glucose and clotting screen were 
normal. The differential diagnosis at this stage 
was recorded as either septicaemia, a blood trans- 
fusion reaction or an anaesthetic reaction. 

He was initially treated with calcium gluconate 
(20 ml of 10% solution), dextrose/insulin in- 
fusion, sodium bicarbonate (100 ml of 8.4% 
solution), methylprednisolone 2 gm, catheterised 
and transferred to the intensive care unit. On 
admission he was given 35% oxygen and a further 
40 ml of 10% calcium gluconate and 50 ml of 8.4% 
sodium bicarbonate. Blood cultures were taken 
and triple antibiotic therapy was started with 
ampicillin, gentamycin and metronidazole. 
Arterial and central venous pressure lines were 
inserted. The central venous pressure was +5 
cmH,0O. Further blood tests taken at this time 
later revealed a creatine phosphokinase (CPK) 
level of greater than 2000 units (normal up to 175) 
and a lactate dehydrogenase of 7965 units 
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(normal up to 430). 

Overnight he produced only 300 mi of very 
dark brown urine and remained oliguric despite 
treatment with increasing doses of frusemide to a 
maximum dose of 1 g. Two days later his serum 
urea and creatinine were 25.6 mmol/litre and 
497 pmol/litre respectively and peritoneal dialysis 
was started for treatment of his acute renal 
failure. 

The increased serum potassium was controlled 
at approximately 6 mmol/litre with dextrose/ 
insulin. He was dialysed for 17 days, during which 
time the serum calcium underwent significant 
changes as shown in Fig. 1. Immediately after the. 
operation, total serum calcium dropped to 1.48 
mmol/litre (normal is 2.12-2.62 mmol/litre) and 
an infusion of 10% calcium gluconate was 
commenced at 10 ml/hour and continued for 


approximately 48 hours. After 5 days the serum _ 


calcium reached normal levels and by 8 days it 
had reached 2.97 mmol/litre. The hypercalcaemia 
was not treated and the level declined into the 
normal range by day 9. 

Further investigations revealed no growth in 
blood and urine cultures, suggesting that sepsis 
was not the cause of the acute renal failure. A 
blood transfusion reaction was not the cause 
since the crossmatch was rechecked and found 
to be compatible; the patient had normal 
haptoglobin and bilirubin levels and a normal 
reticulocyte count. An electrophoretic test on the 
early postoperative urine to determine the 
identity of the chromagen (haemoglobin or myo- 
globin) was not performed due to microbial con- 
tamination and growth in the stored specimen. 

This may have been a mild aborted form of 
malignant hyperpyrexia soa deltoid muscle biopsy 
was taken under local anaesthesia. However, 
histology revealed normal muscle fibres with 
numerous randomly distributed areas of active 
muscle fibre necrosis, phagocytosis and re- 
generation. It was a monophasic insult as all the 
areas of degeneration were at the same time- 
point in the pathological process. The most 
impressive histological features were scattered 
large areas, usually within muscle fibres, of 
haematoxophilic material, which was shown to 
be calcium. There was a predominance of type 1 
fibres and the small regenerating fibres were all of 
the type 2C in profile. This histology, together 
with the relatively slow onset of clinical features 
and absence of rigidity suggested the diagnosis of 
toxic rhabdomyolysis. $ 
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Fig. 1. Serum concentrations of calcium, phosphate and creatinine and daily urine volumes during the course of 
acute rhabdomyolytic renal failure following surgery for superficial skin burns. ®@—@, calcium; O—O, phosphate; 
A—A, creatinine. 


The patient was discharged from hospital 4 
weeks after the operation and followup in the 
outpatient department showed complete 
recovery. 


Discussion 

Rhabdomyolysis and acute renal failure fol- 
lowing crush injuries are well recognised and were 
described as early as 1941 during the Battle of 
Britain.! Rhabdomyolysis without progres- 
sion to renal failure has subsequently been 
associated with many conditions and Table 1 
describes some of these. 

Burns due to electrical injuries and lightning 
strikes are well recorded causes of rhabdomyoly- 
sis,!°~ 13 but rhabdomyolysis due to heat burns is 
not. Chugh et al. in 19791! reported a fatal case 
of rhabdomyolytic renal failure following a flame 
burn. Their patient suffered a large 70-80% 
burn and showed evidence of gross heat injury to 
muscle. In 1982, Walsh et a/.13 used a sensitive 
immunoassay procedure to measure myoglobin 


in the blood of 26 burned patients, 15 of whom 
had flame burns. Twenty-three patients had 
detectable myoglobinaemia which correlated 
with the depth of burn, but not the surface area. 
Seventeen of the patients had detectable 
myoglobinuria but 16 of the 17 had normal renal 
function, as demonstrated by normal serum urea, 
creatinine and urine output. Our case report is of 
a patient who developed acute rhabdomyolytic 
renal failure following a relatively minor 
17% nonelectrical burn. 

A further unusual feature of this case is the 
abrupt peri-operative onset. The patient had been 
stable for 3 days between the burn and the 
surgery. There appears to have been an additive 
or triggering muscle insult from the surgery or the 
anaesthetic. A direct anaesthetic cause is unlikely. 
There were no general hypotensive or hypoxic 
episodes. Suxamethonium, the cause of a recently 
reported case of rhabdomyolytic renal failure,* 
was not used in the only other case known to the 
author, in which enflurane was given to a patient 
who subsequently developed rhabdomyolytic 
renal failure. Alcuronium, fentanyl and glycopy- 


4 
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Table 1. Actiologies of rhabdomyolysis (modified and compiled from references 2-13) 


Traunia to normal muscle Crush, convulsions, electroconvulsive therapy, 


strenuous exercise, prolonged coma, eclampsia, 
prolonged labour, muscle ischaemia, burns 


Abnormal muscle states 


Polymyositis, dermatomyositis, phosphorylase 


deficiency, myopathies, e.g. McArdles, Duchenne 
muscular dystrophy 


Drugs 

Infection 
Hyperthermia 
Metabolic disturbances 


Hypokalaemia 


Alcohol, heroin, methadone, suxamethonium, 
barbiturates, ethylene glycol, carbenoxolone 
Tetanus, gas gangrene, Coxsackie, viral influenza 
Heat stroke, fever, malignant hyperpyrexia 

, hypophosphataemia, myxoedema, 


sickle cell anaemia 


are eeaeee 


ronium are not known to be causes of rhabdomy- 
olysis. Our patient did receive thiopentone. Rhab- 
domyolysis due to barbiturates is most 
probably not a direct result of the drug itself, but 
rather a consequence of hypotension and 
ischaemia following drug induced coma.!4 
Indeed, barbiturates have been shown to have a 
brotecuve effect against suxamethonium induced 
release of CPK 5 

Skin grafting is unlikely to damage muscle since 
it is superficial surgery. The tourniquet, however, 
does produce muscle ischaemia arid this may be 
tore significant in the hypercatabolic state that 
can accompany burns. Rhabdomyolysis follow- 
ing a tourniquet is rare. The report by Williams 
et al.? followed the application of a mid-thigh 
tourniquet for 2 hours 14 minutes; the tourniquet 
was released for 13 minutes, and then re- 
inflated for a further 2 hours 7 minutes—a 
relatively long tourniquet time. The maximum 
safe tourniquet time can not be calculated; it is a 
Clinical judgement, based on the patient’s 
condition, considering factors such as the degree 
of vascular disease and the amount of surgical 
time required. Our patient had a tourniquet time 
of only 45 minutes, but even this may have con- 
tributed to the subsequent development of 
rhabdomyolysis. It may be that muscle insults 
such as burns and ischaemia are additive. It 
should be noted that it is not just the absolute 
tourniquet time that is relevant, there is the ‘no 
reflow phenomenon’ described by Strock and 
Majno.?® They studied carbon black infusions 
following tourniquet-induced rat limb muscle 
ischaemia and showed that blood flow did not 
immediately return to normal even after short 
ischaemic periods, e.g. 15 minutes. 

If muscle insults are additive, anaesthetists 
should be aware of the other known causes of 


rhabdomyolysis shown in Table 1, because many 
of these conditions may be present in patients 
who present for anaesthesia. The diagnosis dnd 
treatment of rhabdomyolysis and the prevention 
of renal failure follow from an understanding of 
the pathophysiology. Trauma causes necrosis of 
the muscle cell. Phagocytosis and regeneration 
may occur if the area is not totally damaged or 
avascular. Myoglobin, potassium and creatinine 
are released into the circulation. Creatinine is a 
cyclic degradation product of phosphocreatine 
which is an energy storage compound in striated 
and cardiac muscle. Phosphocreatine is formed 
by ATP-driven phosphorylation of creatine, 
catalysed by the enzyme creatinine phospho- 
kinase (CPK). In rhabdoitiyolysis, thé sudden 
release of relatively large aniounts of creatinine 
from within the muscle cells cause the character- 
istic rapid rise in serum creatinine, often in the 
order of 0.2 mmol/litre/day.* This rapid rise is out 
of proportion to the rise in serum urea. The 
enzyme CPK is also released in vast amounts. 

The release of free phosphate causes a fall in 
serum calcium due to the deposition of calcium 
phosphate salts in the injured muscle. These were 
clearly seen in the histological slides from our 
patient. Consideration of this mechanism of the 
cause of the hypocalcaemia would suggest that it 
should not be treated by calcium infusion unless 
there are clinical problems such as dysrhythmias 
or hypotension. The later hypercalcaemia may 
be associated with elevated levels of 1,25- ` 
dihydroxy cholecalciferol,!7? or increased urinary 
phosphate secretion due to an elevated para- 
thyroid hormone level.?® 

A number of possible causes of the onset of 
renal failure have been postulated. Pigmented 
casts have been seen in the renal tubules of biopsy 
specimens and these have been shown to be plugs 
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of precipitated myoglobin, which could cause 
obstructive damage.!9 In acid urine, pH <5.6, 
myoglobin dissociates into ferrihaematé and 
globin and it has been suggested that ferri- 
haemate is toxic to the tubular epithelium, 
allowing back diffusion to octur.2® Another 
suggested mechanism is a decreased glomerular 
permeability due to déposition of fibrin. Electron 
microscope picturés of fibrin strands in human 
renal cortex following myoglobinuric renal 
failure bave been demonstrated.2! Renal 
ischaemia may be potentiated by alterations of 
the renin-angiotensin and sympathetic nervous 
systems, thus causing oliguric fenal failure.4? _ 
The diagnosis of thabdomyolysis is suggested 
by the raised serum GPK and the raised creatinine 
that is out of proportion to the serum uréd. The 
- presence of myoglobin in the urife is patho: 
gnomonic. Myoglobin gives a positive result with 
the o-toluidine test for occult urinary blood. 
Myoglobin is a single haem-containing protein 
with a molecular weight of 16000 and may be 
differentiated from haemoglébifi by gel electro- 
phoresis, immunodiffusion of colütnn chromato- 
graphy.2?* The hypo, and subsequent 
hyper-caltzemia is also characteristic of 
rhabdomyolysis. Clinical symptoms and signs are 
of muscle pain and oedema, oliguria with dark 
urine, hypotension and possibly dysrhythmias, 
Treatment is based on the concept that the 
pathophysiology described above would be 
worsened by hypovolaemia, acidosis and hypo: 
tension. A recommended regimen** includes 
infusions of mannitol and bicarbonate and 
aggressive correction of hypovolaemia with 
careful monitoring of urine output. If the urine 
output increases, then the infusion rate should be 
maintained. If, however, after a few hours 
oliguria persists, or anuria develops, then fluid 
restriction and treatment for established renal 
failure should be instituted. There may be large 
fluid shifts in the early stage into the damaged 
muscle areas and central venous pressure 
monitoring may be required. Serum electrolytes, 
dysrhythmias, respiratory failure and pain should 
“be managed according to standard medical 
practice. It has been suggested that the hypo- 
calcaemia should not be treated.* The hyper- 
calcaemia has been postulated to occur in the 
diuretic phase, due to the urinary secretion of 
phosphate thus allowing the reabsorption of the 
deposited calcium salts. In this case, the hyper- 
calcaemia occurred while the patient was still 


oliguric. This may be a result of the removal of 
phosphate by peritoneal dialysis. Thus, it may be 
possible to treat a dangerous hypercalcaemia by 
manipulation of the phosphate conten: of the 
dialysing fluid. 

Rhabdomyolysis, which can progress to life- 
threatening renal failure, is a relatively un- 
common condition. The case presented is unusual 
as it followed a relatively minor nonelectrical 
bur. The tise of a tourniquet in this case may 
have been an additive insult to muscle that 
initiated the rhabdomyolysis. Some of the pre- 
disposing conditions to rhabdomyolysis are 
found in patients presenting for surgery, so 
anaesthetists should be aware of the condition 
and of its treatment in the intensive care unit. 
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CASE REPORT 


Intensive care aspects of severe Legionella pneumonia 


K.J. POWER anp D.J. BOWEN 


Summary 


A case of extensive Legionella pneumonia is presented. The patient required an extended period of artificial 
ventilation, notably punctuated by episodes of dysrhythmia and severe haemodynamic instability, but who 
nevertheless eventually recovered. Intensive care aspects of Legionnaires’ disease are discussed. 


Key words 


Legionnaires’ disease. 


Case history 


A previously healthy, 64-year-old man presented 
with a 6-day history of a ‘flu-like’ illness, 
associated with increasing dyspnoea. Over the 2 
days prior to admission, he became increasingly 
confused. On examination he was cyanosed, 
febrile (39°C) and tachypnoeic (50 breaths/ 
minute). He had a tachycardia of 140 beats/ 
minute and a blood pressure of 90/60 mmHg. 
Examination of the chest revealed poor air entry 
bilaterally, associated with bronchospasm and 
widespread crepitations. 

Initial blood gases were taken with the patient 
receiving oxygen therapy with an MC mask at an 
oxygen flow of 8 litres/minute. They confirmed 
severe hypoxia; Pao, 6.9 kPa, Paco, 4.09 kPa, 
pH 7.32, HCO, 15.7 mmol/litre. Chest X ray 
demonstrated an extensive bilateral pneumonia. 
(Fig. 1). Elective ventilation of the lungs was 
undertaken. An Fo, of 0.6 and positive end 
expiratory pressure (PEEP, 0.5 kPa) were Fig. 1. Chest X ray showing bilateral pneumonia. 
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required to achieve a Pao, of 7 kPa. 

In view of the broad differential diagnosis at 
this stage, he was treated with broad spectrum 
antibiotics, with the inclusion of erythromycin to 
cover atypical pneumonias and Legionnaires’ 
disease. After 5 days, a positive titre was obtained 
for Legionella pneumophilia, at which time 
rifampicin 300 mg twice daily was added to 
erythromycin Ig four times a day. 


Complications 


The most striking feature of this case was the oc- 
currence of episodes of spontaneous tachy- 
cardia, associated with severe haemodynamic 
upset. At the initial stage of his disease, this 
might readily be explained in terms of the severe 
systemic upset. However, several further episodes 
of supraventricular tachycardia occurred in a 
total of 50 days artificial ventilation. No obvious 
precipitant cause could be found for these 
episodes. There was no arterial hypoxaemia at any 
stage, electrolytes were normal and there was no 
evidence of pulmonary embolus or myocardial 
infarction. This raises the possibility of a direct 
involvement of the myocardium in the infective 
process. Although this has previously been 
reported,! it is not widely recognised as a 
common complication. Pericardial involvement 
has also been reported.” 

A total of 50 days artificial ventilation was 
required before adequate blood gases could be 
achieved by spontaneous ventilation. Through- 
out this period, the patient was in an extremely 
catabolic state, which required initially parenteral 
and later enteral nutrition. 


Discussion 

Although only first recognised as a specific entity 
in 1976, Legionnaires’ disease is now increasingly 
recognised as a common cause of pneumonia. 
Indeed, it has been estimated that 12% of 
all pneumonias requiring hospital admission may 
be due to Legionelia.2 The disease process itself 
is thought to be due to the synergistic activity of 
more than one toxin produced by this gram 
negative bacillus.* 

Outbreaks tend to occur in institutions and 
have a predilection for elderly male smokers and 
particularly for subjects with any depression of 
cell-mediated immunity. The spectrum of 
disease following Legionella infection is broad, 
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ranging from the mild Pontiac fever® which was 
first described in 1968, and is associated with 
general malaise, myalgia and a low grade fever, 
through to an overwhelming pneumonia with 
systemic organ involvement.” The disease is 
particularly aggressive in patients with under- 
lying malignancy and those who are immuno- 
suppressed following organ transplantation.* The 
pneumonic process itself is particularly severe in 
subjects with pre-existing abnormalities of lung 
function.* 

Person to person transmission does not occur* 
and the patient does not require strict isolation. 
In view of this, staff in contact with patients do 
not require special surveillance. Should an out- 
break occur in hospital, the efforts of the public 
health department are directed towards ascer- 
taining the source that has become contaminated 
with the organism. Likely sources include water 
traps and air conditioning systems. The disease 
is not notifiable. 

The disease process chiefly involves the ter- 
minal bronchioles and alveoli leading to pneu- 
monic consolidation. Pleural effusions occur in 
severe cases, but rarely proceed to frank 
empyema.‘ Clinically, prodromal symptoms are 
succeeded by increasing dyspnoea, cough, 
pleuritic pain and haemoptysis. Ninety-five 
% of patients are febrilet and 65% of 
patients have a relative bradycardia.’ Radio- 
logically extensive consolidation may ‘occur, 
although cavitation is unusual]. A deterioration in 
the X ray appearance may suggest the occurrence 
of a superadded infection; however, it is recog- 
nised that a radiological deterioration may occur 
despite clinical improvement.* 

Laboratory findings indicate the multisystem 
nature of the disease. Hyponatraemia and 
hypophosphataemia are frequent.” Elevated 
serum transaminases may reflect liver damage. 
However, rifampicin therapy used in the treat- 
ment of severe cases will itself cause a rise in the 
hepatic transaminases. Leucocytosis is common, 
but leucopaenia and thrombocytopaenia may 
both occur, although only the former is as- 
sociated with a poor prognosis.® Severe anaemia - 
and disseminated intravascular coagulation are 
relatively rare (10% of cases).’ 

The diagnosis in this case was established by 
confirming a rising antibody titre to Legionella 
pneumophilia in the patient's serum. The case 
illustrates the importance of serial sampling as the 
initial antibody titre was negative, became weakly 
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positive with a titre of 1:128 at 6 days and only 
rose to 1:256 on day 14. Isolated titres of 1:128 
have been found in healthy individuals, which 
suggests the occurrence of subclinical infections 
leading to seroconversion. This stresses the 
importance of establishing a rising antibody titre 
in order to diagnose an acute infection, although 
it may take 6-8 weeks to occur, and only permi-s 
a retrospective diagnosis.‘ It is thus essential to 
commence the appropriate antibiotic therapy if 
the diagnosis is suspected on clinical grounds. 

In general, direct culture of the organism is 
rarely attempted, although it is possible in 
specialist laboratories, using highly selective 
media. In severely immunocompromised patients 
in whom the differential diagnosis of a pneu- 
monia includes such pathogenic entities as fungi 
and Pneumocystis as well as Legionella, direct 
culture might be worthwhile in attempting to 
establish a definite diagnosis. This will require 
aspiration of secretions at fibre-optic bronche- 
scopy or open lung biopsy. In the latter case, a 
rapid diagnosis can be made using a direct 
fluorescent antibody technique. It is relevant to 
note that samples of bacteria obtained by 
bronchoscopy may be inhibited by the use of 
topical lignocaine.* 

As illustrated here, severe cases may require 
prolonged periods of cardiovascular and re- 
spiratory support. Steroid therapy, however, has 
been associated with a higher mortality rate, duz 
to its immunosuppressive action. Mortality in 
severe cases associated with immunosuppression 
may approach 60%.’ The overall mortality 
rate is 15~20%.* 

Renal failure occurs in 10% of patients 
and adversely influences the prognosis. Several 
factors probably operate in its development. 
Severely ill patients are often hypotensive and 
dehydrated, leading to prerenal oliguria and 
susceptibility to renal insults. Granular casts and 
features of glomerulonephritis have been 
recorded.” Myoglobinuria and DIC occurring in 
severe cases will also contribute to the develop- 
ment of acute renal failure.!° In general, if 
‘recovery from the disease itself occurs, renal 
function should return to normal. +° 

Erythromycin in high dosage remains the drug 
of choice,!! and with the increasing recognition 
of Legionnaires’ disease and other atypical 
pneumonias it should always be included in the 
treatment of undiagnosed pneumonias. It should 


be given for at least 3 weeks, in a dose of 4 g daily 
in divided doses. Jn vitro sensitivity of the 
organism to penicillins and cephalosporins is not 
reflected by a clinical response to these agents. 

The use of rifampicin (up to 1200 mg/day) may 
attenuate the course of severe cases. The addition 
of rifampicin is reserved for those cases which fail 
to respond to erythromycin, although in the 
critically ill, moribund patient, treatment with 
both drugs might possibly be commenced from 
the outset. 

The recovery period may be prolonged for 
those who survive and may be characterised by a 
residual neurological deficit in cases with CNS 
involvement. A restrictive defect in pulmonary 
function may persist. +? 
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CASE REPORT 


Acute respiratory failure following lithium intoxication 


A report of two cases 


P. G. LAWLER anD J. R. COVE-SMITH 


Summary 
Two patients suffering from severe lithium poisoning (blood level > 4 mmol/litre) were treated by haemo- 


dialysis. Both patients developed delayed respiratory failure, with the characteristics of adult respiratory 
distress syndrome, at a time when lithium levels had fallen below 2 mmoljlitre. We recommend early 


respiratory support in the treatment of severe lithium intoxication. 


Key words 


Ventilation; failure. 
Pharmacology; lithium. 


Lithium salts have been used for over 30 years as 
an adjunct to the treatment of manic depressive 
psychosis.’ The therapeutic window is small and 
appropriate blood levels lie between 0.8 and 1.4 
mmol/litre. Toxic symptoms occur when blood 
levels exceed 1.5 mmol/litre. These symptoms 
include confusion and impaired conscious level, 
ataxia, muscle twitching, tremor, blurred vision, 
convulsions, thirst, polyuria, vomiting and 
diarrhoea. Other toxic effects include myocardial 
irritability and depression. The kidneys provide 
the principal route of excretion of lithium. 
Excretion is somewhat enhanced by sodium 
loading, while salt depletion markedly enhances 
lithium retention. Lithium, itself, is nephrotoxic. 
Renal impairment or salt depletion reduces 
lithium excretion and a vicious circle of toxicity 
may therefore ensue; vomiting, diarrhoea and 
polyuria lead to dehydration, salt depletion, 
lithium retention and further impairment of renal 
function and lithium excretion. 

Lithium carbonate is usually prescribed as a 


slow release preparation (Priadel). Continued 
absorption may delay falls in blood level follow- 
ing poisoning. Furthermore, the volume of dis- 
tribution of lithium is that of the body water, so 
that blood levels will fall slowly during con- 
ventional treatment of toxicity (saline diuresis), 
or may rebound following haemodialysis, as a 
result of delayed diffusion from body tissues. 

In the last year, we have treated two patients 
whose lithium levels on admission were 4.5 and 
4.9 mmol/litre, respectively. Both these patients 
were treated by haemodialysis and both 
developed delayed respiratory failure, and re- 
quired mechanical ventilation of the lungs at a 
time when blood lithium levels had fallen to less 
than 2 mmol/litre. 


Case histories 
Case 1 


A 52-year-old lady, known to suffer from manic 
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depressive psychosis, was found confused and 
wandering about the town. Her psychosis had 
been treated with lithium carbonate (Priadel). 
Soon after admission to the psychiatric unit, her 
level of consciousness deteriorated and she wes 
transferred to the medical unit. Her lithium level 
was found to be 4.5 mmol/litre. She was trans- 
ferred to the intensive therapy unit (ITU) fer 
haemodialysis and further care. 

On admission to the ITU, she was drowsy but 
easily rousable. Her blood pressure was 
140/80 mmHg with a pulse of 90 beats/minute. 
Her central venous pressure was 8 mmHg, 
measured from the mid-axillary line. Her 
electrolytes showed a sodium of 132 mmol/ 
litre, potassium 3.2 mmol/litre, chloride 104 
mmol/litre and bicarbonate 20 mmol/litre. Urea 
was 11.9 mmol/litre, creatinine 253 pmol/litre 
and albumin 26 g/litre. Her blood gases showed 
pH 7.27, Pco, 4.9 kPa, and base deficit 
9 mmol/litre. Arterial Po, was 6.9 kPa breathing 
28 percent oxygen. This rose to 11.9 kPa while 
breathing 60% oxygen. Her airway appeared 
adequate, and her chest X ray was clear. 

Haemodialysis was undertaken via a left arm 
shunt and continued for 6 hours, during which 
time she remained rousable and continued to 
cough, although she tolerated a nasopharyngeal 
airway. Her pulse, blood pressure and central 
venous pressure remained stable. She received 3 
units of plasma protein fraction during dialysis. 
Urine continued to flow during dialysis, 
although the output had deteriorated to 
20 mi/hour. At the end of dialysis, the serum 
lithium level had fallen to 1.9 mmol/litre. The 
plasma electrolytes after dialysis were sodium 
130 mmoi/litre, potassium 3.0 mmol/litre, uree 
2.5 mmol/litre, creatinine 139 pmol/litre anc 
albumin 36 g/litre. Her arterial Po, following 
dialysis was 11 kPa breathing 60% oxygen. 

Three hours after dialysis and one hour after a 
blood gas (Pao, 10 kPa), her ventilatory efforts 
appeared reduced, although she continued to 
cough. Blood gases showed a pH of 7.21, Paco, 
9.1 kPa, Pao, 4.9 kPa and base deficit 3 mmol/ 
: litre. Her trachea was intubated and her lungs 
ventilated. Large quantities of sputum were 
cleared from her bronchial tree during fibre- 
optic bronchoscopy. Over the next hour, her 
Pao, fell to 6.0 kPa while she was ventilated with 
100% oxygen. She subsequently required ino- 
tropic support (dopamine) and positive end 
expiratory pressure (PEEP) of up to 0.9 kPa. Her 


chest X ray showed pulmomary oedema. Her 
albumin at this time was 37 g/litre, while her 
central venous pressure was 15 mmHg on PEEP 
of 0.9 kPa. 

Over the succeeding 3 days, her oxygenation 
improved and PEEP and inotropic support were 
withdrawn. She required two further dialyses to 
cover the rebound of her lithium level. Urine flow 
continued and improved. Her trachea was ex- 
tubated at 120 hours and she was discharged to 
the ward at 6 days. She was discharged from the 
hospital 4 days later with no apparent sequelae of 
lithium toxicity. 


Case 2 


A 27-year-old male manic depressive was treated 
with lithium carbonate (Priadel). He had received 
this therapy for over 2 years. 

Two months before admission, he had 
developed polyuria and polydipsia, although this 
came to light only after admission to the ITU. He 
subsequently became more withdrawn and was 
admitted to the pyschiatric unit. Two days after 
his admission, his conscious level deteriorated 
and he developed abdominal pain and diarrhoea. 
He was transferred to the medical unit where he 
was seen to be severely dehydrated. He received 
3 litres of crystalloid solution (mainly 0.9% 
saline) intravenously over the next 6 hours. His 
condition deteriorated and he became pyrexial 
(39.5°C). There was no further vomiting or 
diarrhoea. His level of consciousness deteriorated 
further and he was transferred to the ITU with a 
provisional diagnosis of septicaemia. 

On admission, he was groaning but un- 
communicative. He was coughing spontaneously 
and did not tolerate a nasopharyngeal airway. 
His pulse was 60/minute, arterial blood pressure 
120/60 mmHg and central venous pressure was 
18 mmHg, taken from the mid-axillary line. His 
abdomen was soft with active bowel sounds. 
Urine flow was less than 20 mi/hour. A serum 
lithium level, taken on admission to the ITU, was 
found to be 4.9 mmol/litre. He had received no 
lithium for at least 2 days. 

Blood gases showed a pH of 7.31, Paco, 3.2 
kPa and base deficit 10 mmol/litre. The arterial 
Po, was 6.2 kPa breathing air, but rose to 9 kPa 
breathing 40% oxygen. Sodium was 142 mmol/ 
litre, potassium 5.0 mmol/litre, chloride 108 
mmol/litre and bicarbonate 18 mmal/litre. 
Urea was 25.2 mmol/litre creatinine 735 ymol/ 


litre and albumin 38 g/litre. The chest radio- 
graph showed pulmonary oedema and the 
electrocardiograph showed bizarre complexes at- 
tributable to lithium toxicity. 

Haemodialysis was undertaken via a single 
needle in the right subclavian vein. He was dia- 
filtered initially to a venous pressure of 8 mmHg. 
Blood pressure (120/70 mmHg) and pulse (60- 
80 minute) remained stable. Arterial Po, rose to 
11 kPa. He continued to move around the bed 
restlessly and to cough. He did not tolerate a 
nasopharyngeal airway. Haemodialysis was 
continued for 8 hours, by which time his serum 
lithium level had fallen to 1.6 mmol/litre. Pulse, 
blood pressure and central venous pressure were 
maintained throughout dialysis. Urine output fell 
to zero. Four hours later, the lithium level had 
rebounded to 2.4 mmol/litre and haemodialysis 
was recommenced. 

Soon after the start of the second dialysis, his 
blood gas status declined. His Paco, rose to 7 kPa 
and arterial Po, fell to 6 kPa breathing 60% 
oxygen. His conscious level appeared unchanged. 
Blood pressure, pulse and venous pressure had 
remained stable. Electrolytes prior to his second 
dialysis were normal. At this time the urea was 
10.3 mmol/litre, creatinine 331 jmol/litre, 
and albumin 38 g/litre. 

His trachea was intubated and his lungs 
ventilated mechanically. Fibre-optic broncho- 
scopy showed much purulent sputum, which was 
sucked out. Arterial Po, was 10 kPa on 100% 
oxygen but over the next hour this fell to 6.4 kPa, 
despite breathing 100% oxygen. He was treated 
with PEEP and inotropic support (dopamine and 
dobutamine). Arterial Po, rose to 11 kPa on 60% 
oxygen and PEEP of 1.5 kPa. His chest X ray 
showed pulmonary oedema. Urine flow remained 
minimal. Dialysis was continued for a further 6 
hours, by which time his lithium level had fallen 
to 0.8 mmol/litre. His CVP was maintained at 
8-10 mmHg. Over the succeeding week, both his 
lung function and his renal function improved, al- 
though daily dialysis was required. Intermittent 
positive pressure ventilation (IPPV) with PEEP 
was required for 3 days and IPPV for a further 4 
days. He was extubated at 11 days. Urine output 
improved in tandem with renal function, al- 
though he required two further dialyses following 
extubation. He was discharged from the ITU 
after 15 days and returned to the psychiatric unit 
at 20 days. On discharge, his renal function was 
still improving but remained abnormal, with a 
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urea of 12.2 mmol/litre and a creatinine of 
240 pmol/litre. 


Discussion 


Both these patients developed significant 
respiratory failure at a time when serum lithium 
levels were falling. Standard simple reference 
books of poisons management?~* place no 
particular emphasis upon respiratory failure, nor 
do they recommend early IPPV as a primary 
intervention in the management of severe lithium 
poisoning. 

The time course and pattern of these patients’ 
deterioration were remarkably similar. Both 
patients were initially hypoxic, but maintained 
their arterial Pco,. Both subsequently developed 
increasing hypoxia with a rising Pco., this being 
the reason for intervention. At the time of inter- 
vention, both patients were hypoxic, had severe 
sputum retention, low central venous pressures 
and chest X rays which showed pulmonary 
oedema. Although the second patient may have 
had right heart failure on admission to the ITU 
(central venous pressure 18 mmHg), and could 
conceivably have had left heart failure at that 
time, his right atrial pressure at the time of his 
deterioration was low. Pulmonary oedema of 
cardiac origin seemed unlikely with a serum 
albumin of 38 g/litre. Oncotic pressure was not 
measured. 

These features, and the response to treatment, 
make adult respiratory distress syndrome 
(ARDS) the likely diagnosis. Pulmonary artery 
catheters were not inserted in either patient, 
because at the time of their deterioration both 
patients were significantly heparinised. Both 
patients had evidence of sputum retention, but 
both were noted to be coughing spontaneously. 
Neither patient was deeply unconscious, al- 
though one was tolerant of a nasopharyngeal 
airway. Inhalation of gastric contents could not 
be ruled out with absolute certainty. Neverthe- 
less, bronchoscopy had shown no evidence of 
gastric debris and both had received H,-receptor 
antagonists (ranitidine) on admission to ITU. 
Inhalation as a cause of ARDS was unlikely. 

Dialysis-induced hypoxia is well recognised, 
and correctable with oxygen, and reverts rapidly 
following cessation of dialysis.5 Disagreement 
exists as to whether hypoxia is secondary to poly- 


morphonuclear sequestration in the lung capil- - 


laries with complement and vasoactive peptide 
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activation leading to either a diffusion defect®~° 
or ventilation perfusion inequalities,”® or to 
dialysis membrane loss of CO, and consequent 
loss of CO,-induced respiratory drive.5:%-1° 
The latter possibility seems most likely and in the 
described cases would have disguised a rising 
Paco, due to an impaired respiratory drive. 
Measurement of Po.1 (P100) may be used as a 
means of assessing central drive. In this tech- 
nique, the pressure drop at the mouth which 
occurs in the first 0.1 seconds (100 mseconds) 
following complete respiratory obstruction is 
used to assess drive. Following lithium ingestion, 
pressure drop is less than control values, sug- 
gesting that lithium may act as a central respira- 
tory ‘depressant’.!! In these patients, the reversal 
of the metabolic acidosis by dialysis would have 
reduced respiratory drive still further, but the 
consequences of this reduction would have gone 
unobserved because of dialysis membrane loss of 
CO,. Cessation of dialysis would lead to a pro- 
gressive and unexpected deterioration in the 
blood gases. Sputum retention could reasonably 
be associated with poor respiratory drive. 

In the reported patients, the distinction 
between dialysis-induced hypoxia and hypoxia 
due to ARDS would have been difficult to make 
without the presence of pulmonary artery 
catheters. Polymorphonuclear sequestration in 
the lung fields, for instance, is common to 
both,°~®!213 as is a fall in platelet count. 
Complement activation occurs in both ARDS 
and during dialysis.*-'* Nevertheless, hypoxia 
was present in both patients before dialysis and 
although hypocapnia is the usual finding in 
ARDS, hypercapnia can occur in severe ARDS. 
Dialysis-induced hypoxia should have reverted 
soon after cessation of dialysis. 

No single explanation clearly accounts for the 
whole course of the respiratory illness. While the 
early picture might have been due to respiratory 
depression, with sputum retention, the sub- 
sequent pattern of events and response to therapy 
was in keeping with the adult respiratory distress 
syndrome. Lithium poisoning is not a recognised 
association.!* 


Conclusions 
Our observations have led us to believe that 
early IPPV should be instituted in hypoxic, 
drowsy patients requiring haemodialysis for 
lithium poisoning. We also believe that pul- 


monary artery catheterisation is necessary to 
allow rational assessment of these patients and, in 
future, we shall insert such catheters. Our 
observations also lead us to believe that kaemo- 
filtration might be appropriate in order tc avoid 
the rebound of lithium levels seen in such 
patients. 
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APPARATUS 
A new double lumen tube adaptor 
Use in adjustment of bronchial cuff volume and oxygenation 
A. N. SIBAI anD A. BARAKA 
Summary 


The report describes a new double lumen tube adaptor which provides selective one lung ventilation without 
external clamping. It also facilitates, without disconnexion and remantling, both correct bronchial cuff 
inflation and continuous positive airway pressure administration using an underwater seal chest bottle. 
Oxygenation can be kept optimal during one lung anaesthesia by applying 1.0 kPa continuous positive 


airway pressure to the nonventilated lung using an oxygen flow of 1-2 litres/minute. 


Key words 
Equipment; connectors, tubes, bronchial. 


Several double lumen tube adaptors have been 
designed to serve different functions during one 
lung anaesthesia.!~* This report describes a new 
double lumen tube adaptor, which facilitates 
interruption of ventilation to either lung, 
bronchial cuff end-point inflation’ and con- 
tinuous positive airway pressure (CPAP) 
administration to the nonventilated lung.® 


Apparatus 


The commercially available double lumen tube 
adaptor comprises a Carlen’s Y-connector, 
joined to two swivel connectors by two plastic 
tubes. We have modified the adaptor by 
assembling two on-off valves (A and B, Fig 1) 
one on each side. A T-piece (T) is also provided 
on the side corresponding to the operated lung, 
between valve A and the swivel connector. The T- 
piece side arm is joined to a three-way stopcock 
(S). 

One limb of the stopcock is attached to an 


underwater seal chest bottle, while the otker limb 
receives oxygen from a flowmeter via a tubing, 
whenever CPAP administration is indicated. An 
aneroid manometer is installed between the stop- 
cock and the underwater seal. The on-off valves, 
the T-piece and the three-way stopcock are made 
of copper and are joined together by shor- pieces 
of plastic tubes cut to suitable lengths. The 
internal diameter of the valves and the T-piece is 
8 mm, while the stopcock internal diameter is 
4 mm. The entire assembly weighs 150 g. The 
system is sterilised by ethylene oxide gas. 


Functions 


Selective one lung ventilation. This can be 
achieved readily with one of the two on-off valves 
(A or B), without the need for external clamping 
of the adaptor tubes. 

Bronchial cuff titration. The adaptor is 
connected to the double lumen tube w-th the 
T-piece on the side corresponding to the operated 
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Chest bottle 
Under water 
seal 


Fig. 1. The double-lumen tube adaptor: (A and B), on-off valves to 

interrupt ventilation to either lung. (T), T-piece assembled on the adaptor 

side corresponding to the operated lung. (S), a three-way stopcock 

connects the T-piece of the adaptor to an oxygen flowmeter and the under- 
water seal. 
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lung. After proper positioning of the double 
lumen tube and inflation of the tracheal cuff, the 
bronchial cuff volume is titrated by the following 
steps: valve A is off, valve B is on. The side arm 
of the T is opened to the chest bottle by S. 

The nonoperated lung is ventilated whilst the 
bronchial cuff is gradually inflated: the back 
flow from the patient’s lungs is directed through 
T towards the underwater seal. Bubbling 
continues so long as the bronchus is not sealed by 
the bronchial cuff; cessation of the bubbling 
during lung inflation indicates end point inflation 
of the cuff. : 

CPAP administration. The’ administration of 
CPAP to the operated nonventilated lung is 
accomplished by opening the stopcock towards 
its three ports, i.e. flow of oxygen, T-piece and 
chest bottle, while maintaining valve A off and 
valve B on. The oxygen passes through T and, 
consequently, to the nonveritilated lung. The 
water level in the chest bottle ig adjusted to 
provide the required CPAP, as verified by the 
manometer. 

The technique was applied on six patients 
undergoing thoracotomy in the lateral position 
under oxygen, halothane, relaxant anaes- 
thesia. The mean (SD) arterial oxygen tension 
(Pao,) during two lung ventilation was 60.4 
(11.55) kPa. A change to one lung ventilation 
reduced the Pao, to 28.88 (5.44) kPa. Application 


of 1.0 kPa CPAP using l-2 litres/minute of 
oxygen elevated the Pao, to 57.3 kPa (SD 8). 


Discussion 


Correct inflation of the bronchial cuff is necessary 
to avoid problems and complications. Over- 
inflation of the cuff may result in its rupture* or 
its herniation across the carina’ and bronchial 
rupture has been reported.® Underinflation of the 
cuff results in cross-leak from the lower lung 
when one lung ventilation is initiated.’ 

In 1979, Jenkins described a technique for a 
visual and audible indication of a precise end 
point inflation of the bronchial cuff by connect- 
ing the tracheal side of the double lumen tube to 
an indicator bottle.* In our system, the under- 
water seal bottle is connected to the T-piece, 
which is an integral part of the adaptor. The 
bronchial cuff sealing end point can be easily 
checked at the beginning and during the pro- 
cedure without disconnexion and remantling. 

Capan et al.6 reported that arterial oxygena- 
tion can be kept optimal during one lung ° 
anaesthesia by oxygen insufflation to the non- 
ventilated lung at 1.0 kPa pressure and 7 
litres/minute flow. A pressure relief valve was 
adjusted to maintain the required CPAP pres- 
sure.® Other systems for CPAP administration to . 
the nonventilated lung during one lung anaes- 
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thesia have been devised, but none used an 
underwater seal.!™!1! Our system uses an under- 
water seal and its level is adjusted to achieve the 
required CPAP. The arterial Po, was markedly 
increased by delivering an oxygen flow as low as 
1-2 litres/minute at 1.0 kPa CPAP via the T- 
piece of the adaptor. The CPAP administration 
using the underwater seal offers the advantage of 
stabilising the required airway pressure in the 
system, irrespective of the lung manipulation by 
-the surgeon and/or increasing the oxygen flow. 
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APPARATUS 
No moving parts 
A modification of a Bain system and a Penlon Nuffield 200 ventilator 
M. N. CALHAEM 
Summary 


Interchange between ventilatory and spontaneously breathing modes using a Bain system and a Penlon 
Nuffield 200 ventilator may be achieved by the single action of switching the ventilator on or off. No alteration 
is made to the expiratory valve, reservoir bag, ventilator tubing or scavenging system and there are no levers. 


Key words 


Equipment; breathing system. 
Ventilation. 


The Bain system is widely used for spontaneously 
breathing patients? and the Bain system 
together with a Penlon Nuffield 200 ventilator for 
intermittent positive pressure ventilation.?™* The 
change of ventilatory mode requires removal of 
the ventilator tubing and its replacement with a 
reservoir bag, relocation of the scavenging system 
and adjustment of the expiratory valve. The 
apparatus described has been constructed to 
allow conversion from one mode to the other, 
merely by switching the ventilator on or off. This 
automatically isolates the reservoir bag and 
expiratory valve, yet permits the scavenging 
system to remain operative throughout (Fig. 1). 


Description of instrument 


The expiratory adjustable pressure limiting 
(APL) valve was removed from the top of a 
Penlon Bain inlet block and replaced by a blank- 
ing plug. To this was attached (with Araldite) a 
plastic T-piece with one limb sawn off. This forms 
a support for part of the system with a reservoir 
bag and a modified APL valve. The system is Fig. 1. The system. 
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Fig. 3. Diagramatic representation of the system. AGSS, anaesthetic gas scavenging system; 1, inspiratory port of 
patient valve; 2, expiratory port of patient valve. 


My 


shown diagramatically in Fig. 2. The APL valve 
is a Penlon Mk ID Duct Expiratory Valve for 
Magill Circuit with the outer, i.e. weaker, spring 
removed. This means that when the valve is 
fully open there is no pressure on the flap, except 
for its own weight, yet it is still possible for the 
valve to be closed down for manual ventilation 
when the inner, stronger spring comes into play. 
Because the system is based on a Bain, there is a 
constant flow of fresh anaesthetic gas and this is 
sufficient to hold the reservoir bag inflated, 
despite the very low opening pressure of the APL 
valve. The reservoir bag acts only as an indicator 
of breathing; it does not act as a reservoir of 
anaesthetic gas. This gas lies entirely within the 
connecting tubing. If air is drawn in through the 
APL valve during inspiration, it is of no con- 
sequence. 


Function in spontaneous mode 


The patient valve of the Nuffield 200 ventilator is 
a simple spring loaded piston. When the ven- 
tilator is inoperative the piston is held up by the 
spring and ports 1 and 2 (Fig. 3) are in free 
communication. Thus, spontaneous ventilation 
can occur through the patient valve, APL valve 
and reservoir bag, the whole performing as a Bain 
system. 
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Function in ventilatory mode 


When the ventilator is switched on, the piston of 
the patient valve descends during the inspiratory 
phase and occludes port 2, thereby isolating the 
APL valve and reservoir bag and providing 
ventilation to the patient via port 1. During the 
expiratory phase, the piston returns to a position 
which permits open communication of ports 1 
and 2 and expiration occurs through the patient 
valve and APL valve as before. 


Resistance of the system 


Resistance measurements were made using a 
simple water manometer; this was coupled to the 
outlets of two anaesthetic machines in series, thus 
achieving from the Rotameters 20 litres/minute of 
nitrous oxide and/or 20 litres/minute of oxygen. 
Thirty litres/minute of oxygen was achieved by 
using a special high flow oxygen. Rotameter on 
the outlet of one machine. f 

The gas was passed to the breathing system in 
the direction appropriate for the resistance being 
measured. Thus for inspiratory resistance, the 
flow was passed from the port for the reservoir 
bag to the patient connexion; the APL valve was 
closed. For expiratory resistance, the flow was 
passed from the patient connexion to the anaes- 


a a a 
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Fig. 4. Resistance of the system. A—A, inspiratory 

resistance with 50% N,O/O,; @—®, expiratory 

resistance with 50% N,0/O,; O—O, expiratory 
resistance with 100% O2. 
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thetic gas scavenging system; the APL valve was 
fully open, the reservoir bag in place and the gas 
inlet port sealed. 

Pressure measurements were made at various 
flows and gas mixtures and the results are shown 
in Fig. 4. These resistances are well within the 
acceptable limits stated by Nunn.’ These values 
are further ameliorated by the reservoir bag 
cushioning the expiratory resistance. 


Discussion 


The device succeeds in producing a system that 
switches between spontaneous and ventilatory 
modes by a single action, i.e. switching on or off 
the ventilator. The single action is convenient, 
safe, cheap and easy to construct. The APL valve 
and reservoir bag are in a convenient place for 
hand and eye and the system does not offer undue 
resistance to inspiratory and expiratory flows. 

The device has been used for a wide variety of 
cases with spontaneous and intermittent positive 
pressure ventilation. Other breathing systems 
have been described,©? but these involve 
levers, adjustment of valves, replacement of 
reservoir bags by ventilator supply tubing and 
switching the ventilator on or off. The system 
described here only requires switching of the 
ventilator. 

It is essential that the APL valve is fully open 
in both modes of ventilation and, preferably, it 
should be modified accordingly. If the APL valve 


is closed, this would quickly become apparent 
from distension of the reservoir bag and a positive 
pressure, indicated by the ventilator pressure 
gauge which remains operative at all times. 

Although the device is described for use with a 
Nuffield 200 ventilator, it may also be used with 
other ventilators capable of powering a Bain 
system. 
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Intravenous fluids in minor surgery. Their effect on recovery from ansésthesia 


P.W. Keane, MD, FFARCS, FFARCSI, Consultant, P.F. Murray, MB, BCh, BAO, Senior House 
Officer, Department of Anaesthesia, Regional Hospital, Newcastle Road, Galway, Ireland. 


Summary 


The value of infusing a total of 2 litres of intravénous fluids intra- and postoperatively was assessed in 212 fasting 


patients undergoing minor surgery procedures. The treated 


Batients (108) recovered from the effects of surgery and 


anaesthesia more quickly than patients without fluids (104). The results 6f thiprovéd q lity of the postoperative recovery, 
a shorter hospital stay and earlier return to work, especially in those patléenti WHO had some difficulty in recovering 
from anaesthesia on previous occasions, encourages the more frequent use of intravenous fluids in minor surgery. 


Key words 
roid balance; recovery. 


The value of maintaining icrmovolaemia in minor and 
iiajot surgical stress situations was highlighted by 
Shires and his colleagues in 1961.' Application or 
modification of thelr eéféepts fundamentally changed 
thinking regarding the volume of electrolyte solutions 
or 5% dextrose in water required during surgéty, atid 
their value in maintaining cardiovascular homeostasis. 

The benefit of intra-operative intravenous fluids and 
especially the concept of preload has been investigated 
by assessing antidiuretic hormone (ADH) levels.? 
urinafy volume and solute excretion,’ aldosterone 
response and acute réttal failure postoperatively. All of 
thes¢ investigations refer to fluid therapy during major 
surgety. A search of the literature does not reveal any 
stùdy in relation to the value of intravenous fluids for 
minor opefative procedures and their effects on the rate 
of recovery and the patient's well-being following 
surgery dúd anaesthesia. 


Methods 


For the purpose of this study, 212 patients between the 
Ages of 18 and 50 years were chosen. Ethical consent 
was Obtained from the clinical tesearch ethical com- 
mittee. The mean age of this group was 31 years and 
all patients Wete classed in ASA groups I or 2. 
Patients were tandomly allocated into one of two 
groups. The treated group received intravenous fluids 
through a peripheral venous cannula (JELCO), while 
the other did not. The fluids administered consisted of 1 
litre Hartmann’s solution peroperatively and | litre 5% 
dextrose in water postoperatively. The patients were 





unaware of the purpose of the intravenous fluid. 

A standard anaesthetic induction technique of 
fentanyl 0.00! mg/kg and thiopentone 4 mg/kg was 
used. Anaesthesia was maintained using halothane 
1-1.5% inspired concentration, during which all 
patients breathed spontaneously. None was intubated. 

Two methods of assessment were used. The first was 
in the form of three questionnaires. Questionnaire 
number Í was answered 6 hours postoperatively, when 
the patients were questioned as to the presence or 
absence of nausea, vomiting, thirst, dizziness, drowsi- 
ness and headache. Questionnaire number 2 was 
completed by the patient on the third postoperative 
day and sought to assess postoperative well-being 
compared fo pre-operative status. Questionnaire 
number 3 was sent one month postoperatively to those 
patients who had had a previous anaesthetic. They were 
asked to compare this most recent anaesthetic to their 
previous experience (i.e. better, the same or worse). 

The second method of assessment used was serial 
measurement of serum osmolalities using a micro- 
osmometer (Herman Roebling, Model 8301015), to add 
an objective measurement to our findings. Blood 
samples were taken from all patients at booking, dt 
induction of anaesthesia and 6 hours postoperatively. 
The mean of two determinations was taken. 


Results 


Of 212 patients studied, 108 had intravenous fluids and 
104 did not. 
The surgical procedures included breast biopsies (60), 
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ob N: O No fluids 
E Fluids 


Fig. 1. The results of the first questionnaire. The presence of symptoms listed are 

expressed as a percentage of replies and compared between those who had fluids 

(n= 108) and those who did not (n= 104), (DR), drowsiness; (T), thirst; 
(H), headache; (DI), dizziness; (N), nausea. 


varicose vein ligations (72), dilatation and curettage (64) 
and inguinal hernia repairs (16). The duration of the 
procedures was between 10 and 45 minutes. The mean 
duration was 18 minutes. The weight of the patients 
ranged between 55 and 81 kg with a mean value of 67 
kg. 

The results of the questionnaires were as follows: all 
number 1 questionnaires were completed at 6 hours 
postoperatively. As can be seen from Fig. 1, there 
was a clinically significant reduced incidence of these 
symptoms in those patients who had received intra- 
venous fluids; 22% complained of drowsiness, whereas 
in the group who did not have fluids the equivalent 
incidence was 73%. Only 18% of these treated com- 
plained of thirst, as compared to 58% of the others. 
There were no complaints of headache or dizziness from 
those who had fluids, while the figures were 11% and 
8% respectively in the group not having fluids. 

There was an 83% (176) response to questionnaire 
number 2, of whom 84 had received fluids and 92 did 
not. As can be seen from Fig. 2, of those who had fluids, 
95% replied that at 3 days postoperatively they felt no 
different than pre-operatively, whereas 5% said that 
they felt worse. In the group that did not have fluids, 
49% said they felt worse and 51% said they felt the 
same. 

The reply rate to questionnaire number 3 was 92 out 
of 120 (76%) who had had previous anaesthetics. As 
can be seen from Fig. 3, those who said the most recent 
anaesthetic had been better comprised 93% of the group 
that had intravenous fluids, but only 3% of the group 
that did not have fluids. Those who reported that the 
effects of the anaesthetic were the same, consisted of 
4% of the group who had had fluids and 66% who had 
not. Thirty-one percent of those who did not have fluids 
said that the most recent anaesthetic was worse, while 
the figure was 3% in those who did have fluids. It was 
not recorded whether intravenous fluids had been given 
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Fig. 2. The response to the second questionnaire, Tae sub- 
jective feeling of well-being is expressed as a percentage of total 
replies. Those who had fluids (n = 82) are compared to thdse 
who did not (a = 92). (C1), same as pre-operative: (Ml), worse: 


during the previous anaesthetic. 

The serum osmolalities were accepted as an ob:ective 
method of substantiating this evidence and we found 
no statistically significant difference in the serum 
osmolalities between the two groups in the pre- 
operative samples. In group 1, given fluids, the mean 
value was 299 mosm/litre and in group 2, without fluids, 
the mean value was 298 mosm/litre. However, post- 
operatively tlie mean value in those who had fluids was 
295 mosm/litre, whereas in those who did not have 
fluids it was 308 mosm/litre. This difference was found 
to be statistically significant with a p value <0.05. 
(Statistical method: Student t-test.) 

This result is in agreement with the findings cf the 
questionnaires, which suggest that those patients who 
received intravenous fluids were rehydrated post- 
operatively. 
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Fig. 3. The reply to the third questionnaire shows how patients themselves 
rated the most recent anaesthetic compared to previous anaesthetics for 
similar procedures. (n = 92). (O), fluids; (MI), no fluids. 


Discussion 


Fasting from fluid and food from the night before 
implies that a degree of dehydration is inevitable from 
insensible losses. Thus, a 70 kg adult who presents for 
morning surgery is already likely to be at least 1 litre 
of fluid dehydrated. This depletion may not be of 
any real importance out of a total body fluid volume 
of 50 litres. However, the fluid balance homeostasis 
mechanism is controlled so that the metabolic response 
is finely activated even with this small loss.* 

The results show that the relatively small volume of 
infused fluids can have significant effect on the patient’s 
well-being immediately postoperatively, presumably 
due to correction of a minor degree of dehydration. 
The general effect on the patients is such that some 
days postoperatively, 93% of those who had intravenous 
fluids considered that the most recent anaesthetic was 
better than past experiences. 
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Hypotensive anaesthesia for microsurgery of the middle ear. A comparison between isoflurane and 
halothane 
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Summary 


Fifty patients undergoing microsurgery of the ear were anaesthetised using thiopentone, nitrous oxide, oxygen and either 


638 Forum 


halothane or isoflurane, via a low flow circle system with carbon dioxide absorption. Systolic blood pressure was 
reduced to approximately 70 mmHg by the additional use of increments of labetalol; the patients breathed spontaneously. 
The degree of haemostasis was assessed by the surgeon whe was unaware which volatile agent was being used to 
supplement anaesthesia. Isoflurane, although it is a potent vasodilator produced operating conditions which were in- 
distinguishable from halothane. Isoflurane is thus a safe and reliable alternative to halothane as a volatile agent used 
to supplement anaesthesia when using induced hypotension for middle ear surgery. 


Key words 


Anaesthetic techniques, hypotension, induced. 
Anaesthetics, volatile, isoflurane, halothane. 


Methods 


Fifty patients (ASA Class 1) aged between 12 and 70 
years, scheduled for microsurgery of the ear, were 
studied. Informed consent was obtained and the 
patients randomly allocated to receive halothane or 
isoflurane. A standard premedication of pethidine 
1.5 mg/kg, promethazine 25 mg and diazepam 0.3 mg/kg 
was administered 1.5 hours before surgery. Anaesthesia 
was induced with thiopentone 4 mg/kg, followed by 
suxamethonium 1.5 mg/kg and 4% lignocaine spray 
to the larynx, prior to intubation of the trachea. 
Anaesthesia was then continued with oxygen, nitrous 
oxide and either halothane or isoflurane via a circle 
system, including soda lime, with the patients breathing 
spontaneously 

Once a steady state had been achieved with flow rates 
of oxygen of 4 litres/minute and nitrous oxide of 4 
litres/minute for 10 minutes, the flow rates were reduced 
and the circle system fully closed. Basal oxygen require- 
ments were then delivered and the volatile agents 
administered by a Goldman vaporizer placed within the 
system. The concentration of halothane was in the 
range 1-1.5% and isoflurane in the range 1.5-2%, 
based on their known minimum alveolar concentration 
(MAC) values. +? 

Before surgery commenced, the skin behind the ear 
was infiltrated with 4 ml of 3% prilocaine, con- 
taining 1:300000 adrenaline and the patients were 
positioned with a 15° head up tilt. Labetalol was used 
to achieve a satisfactory level of hypotension and was 
administered intravenously in 10 mg increments. The 
systolic pressure was lowered by this technique to 
70 mmHg. 

The ECG was continuously displayed and observed 
for any abnormalities and the blood pressure was 
measured directly following arterial cannulation. The 
inspired oxygen concentration was displayed by an 
‘oxygen analyser, and the concentration of the 
halogenated anaesthetic agent was measured 
(Engstr6m Emma). The patients received the same 
intravenous fluid regime, consisting of one litre of 
Hartmann’s solution during surgery, followed by one 
litre of 5% dextrose during the succeeding 8 hours. 

All operations were performed by the same surgeon 
(JMR) who was unaware which volatile agent was being 
used. He assessed the operative field and graded the 


results using a standard numerical scoring system as 
previously described.? The surgeon also assessed the 
operating field on a linear analogue scale ranging from 
G (bloody) to 10 (very dry). 

In 20 patients (10 in each group), arterial blood was 
taken one hour after induction for blood gas analysis. 


Results 


Twenty-five patients in this series received helothane 
and twenty-five received isoflurane. The age, weight 
and sex distributions between the two groups were 
comparable (Table 1). The surgeon descrided the 
operating field as adequate in all patients. Table 2 shows 
the distribution of the patients with the degree of 
haemostasis achieved and the mean values on the linear 
analogue scale for the two volatile agents. There was no 
statistically significant difference by the Chi squared 
test, applied to the haemostasis scores achieved by the 
halothane and isofturane groups. The mean doses of 
labetalol used to achieve the desired reduction of blood 
pressure were very similar (Table 3). 

The mean duration of surgery was | hour 24 minutes 
in the halothane group and | hour 29 minutes in the 
isoflurane group. The mean rate of volatile agent used 
during each anaesthetic was measured and found to be 


Table 1. Mcan (SD) age, mean weight and sex distribution in 
the halothane and isoflurane groups , 


Halothane Tsoflurane 
group group 
Mean age (years) 34 (14) 31 @5) 
Mean weight (kg) 70 (14) 65 (14) 
Sex distribution 
Male iM 13 
Female 14 12 





Table 2, The surgeon’s assessment of the operating field 


Halothane Isof urane 
group gro.ip 

Haemostasis score 

Excellent hacmostasis 5 6* 

Good haemostasis 13 1a* 

Adequate haemostasis 7 3° 
Analogue scale 

Mean (SD) value on analogue 

scale 0-10 4.65 (0.79) 4.67 (0.81) 
*Chi squared = 0.461. 


Table 3. Mean doses and range of labetalol used to achieve the 
desired level of hypotension 





Halothane Isoflurane 

group (mg) group (mg) 
Mean dose of labetalol 52 60 
Range 10-150 10-170 


Table 4. Intra-operative blood gas analysis (mean valus) 


Halothane Isoflurane 
(n= 10) (n= 10) 
Pao, (kPa) 29 32 
Paco, (kPa) 8.2 8.2 
pH 7.22 7.22 
Base excess —2.6 —28 


4.8 ml/hour of halothane and 6.5 ml/hour of isoflurane. 
Continuous display of the electrocardiogram (lead 
CM5) showed no change in rhythm or of the ST 
segment in any patient. 

Blood gas analysis showed a mixed respiratory and 
metabolic acidosis in both groups (Table 4). 


Discussion 


The surgical field in microsurgery of the middle ear 
must have good haemostasis for surgery to be per- 
formed to an adequate standard, and deliberate 
hypotension is commonly performed. The technique of 
using a volatile anaesthetic agent with spontaneous 
ventilation and addition of an intravenous agent further 
to reduce the blood pressure is an acceptable 
method of inducing hypotension. As discussed in 
a previous study? (which compared halothane and en- 
flurane in a similar technique) spontaneous ventilation 
has the advantages that the negative intrathoracic pres- 
sure during inspiration aids venous drainage and helps 
to maintain a dry operative field. Adequate cerebral 
_ perfusion in the presence of a low arterial pressure is 
also ensured by a reasonable cerebral arteriovenous 
pressure gradient and the slight hypercarbia produced. 
In the absence of electroencephalography or a cerebral 
function monitor the regularity of breathing has been 
considered by some to indicate the adequacy of cerebral 
perfusion during hypotension. 

As isoflurane is an expensive agent, a closed circle 
system was used. The advantages of this system, i.e. 
both the conservation of anaesthetic gases and volatile 
agents and the reduction of atmospheric pollution, are 
well known. The current cost of isoflurane is much 
more than that of halothane,* but with this method 
its use is cost effective. The potency of isoflurane, as 
measured by MAC (1.15%) is less than halothane 
(0.75%). However, isoflurane has a much lower rubber 
gas partition coefficient and is stable in soda lime.‘ 
Consequently, there is less wastage with isoflurane. The 
rate of isoflurane used was greater than the rate of 
halothane used, but because of the very small volumes 
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involved with this technique, there was little difference 
in the overall cost of surgery in the two groups. 

This study has shown that satisfactory operating 
conditions can be achieved using either of these agents 
as part of the anaesthetic technique, and there was no 
statistical difference between the two groups. The 
advantages of isoflurane over halothane are well 
established, and several of the properties of isoflurane 
may make it a better choice for this type of anaesthesia. 
For example, its much lower level of biotransforma- 
tion, (0.17% of uptake is recovered as meta- 
bolites with isoflurane, compared to 20% for halo- 
thane), could be an advantage in middle ear surgery 
where repeat operations are common. Also, the low 
renal toxicity of isoflurane is advantageous in a tech- 
nique where renal blood flow is reduced. Furthermore, 
isoflurane has been shown to be less depressant to the 
heart than halothane, by several indices,7-*-° and this is 
an advantage when hypotensive anaesthesia is induced. 
Finally, the fact that dysrhythmias are less likely to arise 
is of particular importance when adrenaline is injected 
as part of the surgical technique,!° and the anaesthetic 
results in a respiratory acidosis. 


Conclusion 


It is concluded that with the techniques described, 
satisfactory operating conditions can be achieved for 
microsurgery of the middle ear using either halothane 
or isoflurane to supplement anaesthesia during 
hypotension induced by labetalol. Isoflurane provides 
a safe and reliable alternative to halothane, is inexpen- 
sive when used in the closed system and its physical and 
pharmacological properties could be of particular 
advantage in this branch of surgery. 
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Intravenous anaesthesia with propofol and alfentanil. The influence of age and weight 


P. Hilton, MB, BS, FFARCS, Senior Registrar, V.J. Dev, MB, BS, Registar and E. Major, MB, 
BS, FFARCS, Consultant, Department of Anaesthetics, Morriston Hospital, Swansea SA6 5NL. 


Summary 


Sixty healthy patients undergoing body surface surger}. were anaesthetised with continuous infusions of propofol (200 
ug/kg/minute) and alfentanil (0.25 ug/kg/minute). Add:tional bolus doses of propofol (20 mg) were given if movement 
occurred. The incidence of patient movement in response to skin incision was significantly less in patients over 45 years 
of age than in those below 45 years (p<0.05). Maintenance dosage of propofol sufficient to abolish movement decreased 
with increasing age (p < 0.001). Systolic blood pressure aecreased in most patients over the first 10 minutes of anaesthesia 
and the magnitude of this decrease increased with age (p< 0.0001). These parameters did not correlate strongly with 
body weight. Dose requirements of propofol are not the same for patients of all ages and strongly suggest that young 


and old patients should not be treated as a homogeneous group, either for investigative or clinical purposes 


Key words 
Anaesthetics intravenous; propofol, alfentanil. 


The theoretical attractions of total intravenous 
anaesthesia (TIVA) have led to the extensive investige- 
tion of constant infusion techniques as a method cf 
delivering anaesthetic agents.! Morgan? has pointed 
out that the aim of TIVA ‘is to achieve a concentration 
of drug in the blood stream which will result in the 
required depth of anaesthesia’. It follows, therefore, 
that there is a need to define the dose of drug required 
to achieve the desired effect. The concept of minimum 
infusion rate (MIR) goes some way towards meeting 
this requirement. Prys-Roberts introduced MIR as a 
minimum alveolar concentration (MAC) equivalent fer 
intravenous agents? and defines it as that rate of 
infusion of an intravenous anaesthetic which would 
prevent movement in response to skin incision in 
.50% of patients. 

It is well known amongst clinical anaesthetists thet 
certain types of patient, notably the elderly, require less 
anaesthetic dosage than others and this has been 
confirmed for thiopentone by Christensen and col- 
leagues.* However, they demonstrated that the plasma 
venous concentration at the onset of sleep was similar 





in old and young men, suggesting that the elderly 
require less drug to achieve a comparable blood level. 
It is also now understood that the elderly do not 
eliminate or redistribute drugs as fast as their younger 
counterparts. It seems likely, therefore, that the dosage 
of intravenous anaesthetic required to maintain a given 
blood level might be less in the elderly and, ccnversely, 
that a standard dose might be more effective in 
preventing patient movement as age increases. 

It has become traditional for intravenous agents to be 
administered in dosage according to body weight, but 
it may not be sound practice to increase Cosage to 
compensate for increased body weight. We heve there- 
fore carried out an investigation to assess the effect of 
age and weight on the ability of a continuous infusion 
of propofol and alfentanil to prevent movement in 
response to skin incision. 


Method 


Sixty healthy patients undergoing body surface surgery 
gave written informed consent to receive an irfusion of 
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propofol and alfentanil. Local ethics committee 
approval was obtained. Patients were admitted into the 
study such that half were below 45 years and half over 
45 years. It was also arranged that equal numbers of 
patients in each age group were above and below 70 kg. 

All patients were premedicated with temazepam 
(20 mg) approximately 90 minutes prior to surgery. The 
anaesthetic technique was standardised and all patients 
received identical anaesthetic dosage, adjusted for body 
weight. Prior to induction, alfentanil (5 pg/kg) 
was administered into a forearm vein and immediately 
followed by an infusion of alfentanil (0.25 ug/kg/ 
minute). One minute later, anaesthesia was induced 
with propofol (2.5 mg/kg) administered over 20 seconds 
into the same cannula. This was followed by gal- 
lamine (20 mg) to reduce suxamethonium pains, and a 
constant infusion of propofol (200 ypg/kg/minute). 
Tracheal intubation followed suxamethonium (1 
mg/kg), inflation with oxygen and lignocaine spray to 
the larynx. Manual ventilation was continued till the 
onset of spontaneous respiration. Patients were allowed 
to breathe 100% oxygen throughout the procedure. 
Twelve minutes after induction, the surgeon was asked 
to make the initial skin incision and the patient’s 
response to this was recorded. 

In the event of the patient coughing or moving in 
response to stimulation, a bolus of propofol (20 mg) was 
administered. The incidence of such events was noted. 
The infusion rates of propofol and alfentanil were kept 
constant throughout surgery and were discontinued 
with the last skin suture. Recovery times were 
recorded, as were any untoward events occurring 
during or after the anaesthetic. 

Monitoring. Baseline readings of systolic pressure, 
diastolic pressure and heart rate were taken prior to 
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induction and repeated every minute thereafter, using 
an automated blood pressure recorder (Dinamap 
845, Critikon). Respiratory rate was monitored every 5 
minutes for the first 30 minutes. 

The data were analysed statistically using the Chi 
squared test, Student’s paired ‘test and regression 
analysis. 


Results 


The sixty patients were aged from 19-69 years (mean 
44.4 years) and their weights ranged from 45-89 kg 
(mean 68.2 kg). 

The intravenous anaesthetic technique proved 
adequate to maintain surgical anaesthesia in all 
patients, but 40 of the 60 patients needed supple- 
ments of propofol to maintain anaesthesia. Thirteen 
patients needed four or more bolus doses (20 mg) of 
propofol and one exceptional patient received 13 bolus 
doses in all. The duration of anaesthesia varied enor- 
mously, from 17 minutes to 198 minutes, and con- 
sequently, total dose of propofol also varied. 

The majority (65%) of patients were able to open 
their eyes to command within 15 minutes of the 
end of the anaesthetic infusion, but in three patients 
recovery was prolonged beyond 25 minutes. There was 
a strong positive correlation (r = 0.49) between total 
propofol dosage and recovery time (p< 0.001). 

There was a highly significant (p = 0.001) negative 
correlation (r = — 0.37) between increasing age and the 
overall mean rate of propofol utilisation defined as the 
maintenance dosage of propofol (including boluses) 
divided by duration of unconsciousness and expressed 
as pg/kg/minute (Fig. 1). 


The mean time to initial skin incision was 12.3 min- 


Age (years) 


Fig. 1. Propofol utilisation (infusion doseand bolus dose expressed per kilogram 
divided by the duration of unconsciousness) plotted against age for each patient 
(p<0.001). Three observations are obscured. r= — 0.37. 
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Table 1. Incidence of movement during the first 5 minutes of surgery for patients 
within one standard deviation (14.4 years) of the overall mean age (44.4 years) and 
for those more than one standard deviation above or below the mean 


<30 years <44.4 years >44.4 years > 58.8 years 


Movement in 
response to 


surgery 

(number of 

patients) 8 
No movement 

(number of 

patients) 2 


utes (SD 1.11 minutes). The incidence of patient 
movement during the 5-minute period following skin 
incision significantly decreased with age (Table 1). Of 
those patients aged below 30 years, 80% moved 
in the 4 minutes following skin incision. Movement 
occurred in only 9% of patients over 58.8 years, 
and this difference was statistically significant (p< 0.01). 
The incidence of movement also decreased with 
increasing body weight, but was not statistically 
significant. Below 56.6 kg (mean — 1 SD) the incidence 
of movement was 40% (4/10) whilst above 79.8 kg 
(mean +1 SD) the incidence was only 14% (2/14). 
This difference was not significant. 

Mean systolic and diastolic blood pressures had 
decreased significantly (p<0.001) by 10 minutes after 
induction of anaesthesia (Fig. 2). Following the start of 
surgery, however, both pressures increased. There was 
a highly significant (p = 0.0001) positive correlation 
between age and the magnitude of systolic pressure 
decrease at 10 minutes (r = 0.47). There was no such 
relationship between systolic pressure and body weight. 
Mean heart rate increased over the first few minutes of 
anaesthesia, but subsequently returned to pre-induction 
levels (Fig. 2). 

The mean time of onset of spontaneous respiration 
varied considerably between patients. Thirty-two 
patients were still apnocic prior to skin incision; 27 of 
these resumed spontaneous ventilation shortly after 
skin incision. Five patients remained apnoeic through- 
out surgery. There was no correlation between duration 
of apnoea and age or body weight. 

Prediction of patient movement. Overall, 22 patients 
out of 60 moved at least once in the 5-minute period 
following skin incision. The majority of these 
(68%) were less than 45 years of age. 

Thirty-two patients were still apnoeic 10 minutes 
after induction, but eight of these moved at skin incision 

e Shortly afterwards. Of those patients with a respiratory 
rate of 16/minute or more at 10 minutes, the majority 
(13/22) moved at skin incision. By contrast, amongst 
those patients breathing at less than 16 breaths/minute, 
the incidence was only 25% (9/38). This was a 
statistically significant difference (p < 0.01). 

There were no significant differences in the mag- 
nitude of heart rate or systolic pressure changes when 
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(0) 5 10 15 
Time (minutes) 
Fig. 2. Mean systolic (SEM) and diastolic pressures (vertical 
bars) and mean heart rate (@, SEM) for all patients plotted 
against time from just before induction (T-1) until just after skin 
incision (T + 15). *denotes p < 0.001. 


those patients who moved at skin incision wer2 com- 
pared to those who did not. However, the incidence of 
movement was high (50%) in patients whose heart 
rate increased by more than 20 beats/minute over the 
first 10 minutes of anaesthesia. A similar high incidence 
was found in those patients whose respiratory rate 
exceeded 16/minute and in those patients where systolic 
pressure had decreased by less than 20 mmHg at 10 
minutes. 


Discussion 


This study was designed to investigate the effect of age 
and weight on the response of patients to surgical 
stimuli during intravenous anaesthesia with propofol 
and alfentanil. Alfentanil was used to supplement 
propofol since our previous experience has suggested 
that analgesic supplements aid smooth anaesthesia. The 
dose used was very low but, nevertheless, it must have 
contributed to the respiratory depression seen in many 
of our patients. There was no attempt to alter infusion 
rates in the light of events, although a bolus of propofol 
(20 mg) was administered in the event of patient move- 
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ment. As a result, some patients may have received 
much larger doses than necessary and the dosages 
quoted here should not necessarily be taken as 
optimum. This is reflected by the fact that five patients 
remained apnoeic almost throughout surgery and 
systolic pressure had fallen by more than 50 mmHg in 
twelve patients immediately prior to surgery. Surgical 
stimulation increased blood pressure in the majority of 
cases. The answer to the problem of hypotension is, 
unfortunately, not the simple one of reducing dosage, 
because patients occasionally moved even when blood 
pressure was low. It has been shown that propofol 
in the Cremophor EL preparation principally affects 
systemic vascular resistance,** so that an infusion of 
fluid ought to correct hypotension. We did not have to 


- resort to this for any of our patients. 


Older patients receiving propofol and alfentanil were 
much less likely to move in response to surgery than 
their younger counterparts. The incidence of move- 
ment was 80% below 30 years and 9% above 59 
years. There was a significant negative correlation 
between age and the dosage required to maintain anaes- 
thesia. There was also a significant positive correlation 
between age and the magnitude of blood pressure 
decrease, in spite of the fact that the older patients 
received less drug. There was no significant association 
between body weight and any of these parameters. 

These findings are difficult to explain in the absence 
of detailed pharmacokinetic data for propofol in the 
normal, obese and elderly patient, but Homer and 
Stanski’? have demonstrated a smaller than usual 
central compartment volume for thiopentone in the 
elderly. If this should also prove the case for propofol, 
then the resulting higher blood level following an 
induction dose might partly explain our findings. 
Redistribution of injected drugs may also be slower in 
the older patient, with the effect of maintaining a high 
blood level for longer. 

The blood level of both propofol and alfentanil 
would undoubtedly still be rising at the time of skin 
incision in all the patients studied, since we did not allow 
sufficient time to achieve steady state. By adopting a 
time of 12 minutes for initial skin incision, we have 
attempted to mimic normal clinical practice at the same 
time as standardising the conditions for all patients. 

The mean recovery time of 15 minutes is acceptable 
when it is realised that no attempt had been made to 
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reduce the infusion rate until surgery had been com- 
pleted. The strong positive correlation between total’ 
anaesthetic dosage and recovery time does not 
necessarily suggest that cumulation had occurred, since , 
many patients were not anaesthetised long enough to 
achieve a steady state blood level. S 
In conclusion, the fixed infusion rate (200 ug/kg/ ` 
minute) of propofol used in this investigation was not 
sufficient for all patients, despite infusion of alfentanil 
(0.25 ug/kg,minute) but anaesthesia was maintained in 
all cases by the addition of propofol supplements. 
Increasing age appears to decrease the need for such 
supplements, but is .associated with greater cardio- 
vascular depression as measured by systolic pressure. 
There is a need for further investigation of the effects 
of age and body weight on anaesthetic dosage, but 
clearly it is not correct to assume that dose requirements 
of intravenous agents are the same for patients of all 


ages. 
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Treatment of near drowning—a review of 130 cases 


A.D. Simcock, FFARCS, Consultant Anaesthetist, Royal Cornwall Hospital (T reliske), Truro, 
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Summary 


This paper reviews the management and clinical course of patients after rescue from near drowning. Those with adequate 
ventilation on arrival at hospital had an excellent prognosis. The prognosis of those patients with inadequate vertilation, 
or who have suffered cardiac arrest, depends on rapid assessment and the institution of vigorous resuscitative mzasures. 
The medical management of all types of patients is reviewed in detall, the results tabulated and complications discussed. 


Key words 


Drowning. 


Immersion incidents in Cornwall are commonplace and 
In a 6-month period in 1984, the coastguard service co- 
ordinated the rescue of 225 casualties along 250 miles 
of coastline. There were 123 patients treated for near 
drowning during the period January 1974 to December 
1984 inclusive. Only patients who had to be rescued 
from the water have been included, and not those who 
managed to reach the shore by their own efforts. In 
addition, a further nine were brought to hospital, but 
found to be dead and beyond resuscitation. There were 
93 immersions in sea water, 27 in fresh water and three 
in tidal waters. The sea temperature around the shores 
varies from a minimum of 5.5°C in February to 15°C in 
September. 


Assessment and management 


The age range of the patients treated was from 18 
months to 81 years, and the majority of patients were 
brought to hospital by helicopter. On landing the 
helicopter is met by a medical and nursing team, sup- 
ported by portable equipment. The equipment consists 
of a basic resuscitation kit, comprising electrocardio- 
gram, defibrillator and battery operated low reading 
thermometer. We have not found it practical to re- 
suscitate the patient in the noisy vibrating atmosphere 
of the interior of the helicopter, but an assessment is 
made as soon as the patient lands and resuscitation 
commenced as the victim is removed from the helicop- 
ter. Initially, we assess whether the patient is breathing 
adequately and, indeed, whether he is breathing at all. 
Treatment is started before the patient is transferred to 
hospital. The initial stages of resuscitation depend on 
the findings of the assessment outlined above. 

For purposes of further description, it has been our 
practice for some years to divide patients into four 
groups:! group I, patients with no apparent inhalation, 
group 2, patients with inhalation, but apparently 
adequate ventilation, group 3, patients with inhalation, 
but inadequate ventilation, and group 4, patients with 
‘absent ventilation and cardiac output. The treatment of 
each of these groups will now be discussed in turn. 


Group 1 


These patients have been in sufficient difficulty to have 
been unable to save themselves and have had to be 
rescued from the water. They are admitted to hospital 


for at least 24 hours and observed for late onset of 
pulmonary or cerebral oedema. Normally, they are fully 
conscious and alert and it is now our policy tc admit 
them to the wards rather than the intensive care unit. As 
well as a careful clinical examination, the folowing 
estimations are made: 

Blood gas analysis. Despite the apparently normal 
clinical state, blood gas analysis frequently shows a 
metabolic acidosis. We have occasionally seen severe 
metabolic acidosis in patients who do not appear to 
have inhaled water. It would seem that there is some 
correlation between the degree of acidosis and the 
degree of hypothermia. If the arterial pH is less than 7.2, 
intravenous 8.4 percent sodium bicarbonate is given in 
a dose of 50 percent of the number of mmols calculated 
to bring the pH back to normal. 

Temperature measurement. These patients are nsually 
only mildly hypothermic and fully conscious, and only 
need treatment if the rectal temperature is below 35°C. 
Simple methods such as the use of a heated water 
blanket, warm woollen blankets and a space blanket 
usually suffice. 

Laboratory investigations. These are limited to 
haemoglobin, packed cell volume, blood sugar blood 
urea and electrolytes. These investigations shculd be 
normal, as water has not entered the lungs. Th2re has 
been no serious abnormality in any of these investiga- 
tions in these patients. 

Chest X ray. There have been no patients in this group 
where our clinical examination has not been borne out 
by a normal chest X ray. It seems that the presence of 
even small amounts of water in the lung is readily 
detected on auscultation. 


Group 2 


This is the commonest group of people seen and tiey are 
treated as follows. 

Admission to the intensive care unit. Wherever pos- 
sible, these patients are admitted to the intensive care 
unit for close monitoring. They frequently have 
respiratory distress and are cyanosed, with rainful, 
wheezing respiration. Oxygen is administered by mask 
during their transfer. After recovery, they are kept in 
hospital for 48 hours after their chests are clinically and 
radiologically clear. 

Oxygenation. It is of paramount importance that the 
progress of ventilation is watched both clinically and by 


blood gas analysis, in order to maintain a Pao, of 8 kPa 
with an inspired oxygen percentage of not greater than 
50 percent. This is normally done quite adequately by 
mask, but small children have occasionally been nursed 
in an oxygen tent. 

Assessment and correction of hypothermia. Most 
patients are conscious or semiconscious, with 
temperatures ranging from 32-35°C. The simple 
methods already outlined, combined with the ad- 
ministration of warmed intravenous fluids are quite 
sufficient, as long as the patient’s clinical condition 
remains stable. 

Metabolic acidosis. There should be early blood gas 
analysis to assess the patient’s acid base state and to 
maintain the pH above 7.2 with intravenous sodium 
bicarbonate. 

Intravenous fluids. An intravenous infusion is set up 
on all these patients as soon as they arrive in the unit. 
In the case of salt water drowning, 5 percent dextrose 
is used and, conversely, normal saline in fresh water 
drowning. If peripheral perfusion is poor, then the 
question of the administration of plasma volume 
expanders should be considered. At present it would 
seem that Human Plasma Protein Fraction (HPPF) is 
the plasma volume expander of choice. All intravenous 
fluids should be passed through a blood warmer before 
administration. : 

Steroids, Intravenous steroids have been given to any 
patient who shows clinical or radiological evidence of 
inhalation, since the lungs may be at risk from damage 
from inhalation. Intravenous methylprednisolone 30 
mg/kg is given as soon as the patient is admitted 
and repeated 8 hours later. 

Intravenous antibiotics. It is difficult to accept that the 
aspiration of water into the lungs is a sterile process or 
that secondary infection will not occur in those who 
have inhaled water from swimming pools, the sea or 
rivers. Intravenous ampicillin or oral septrin are 
administered to patients with any evidence of inhala- 
tion. 

Physiotherapy. This group of patients often complain 
of severe retrosternal pain and have wheezing respira- 
tion. However, as soon as the patient has recovered 
sufficiently to cooperate with the physiotherapist, as 
much inhaled water as possible should be removed by 
deep breathing and coughing. 

Clinical investigations. Haemoglobin, packed cell 
volume, urea, electrolytes and blood sugar are 
measured as indicated, until the patient has recovered. 
There have been minor abnormalities in serum electro- 
lytes in this group, mainly a small rise in sodium and 
chloride in salt water drowning, but these have resolved 
spontaneously, usually within 6-8 hours. 

Radiology. Chest X ray usually confirms the clinical 
opinion and it is surprising how quickly the chest X ray 
reverts to normal after apparently fairly extensive initial 
pulmonary shadowing. 
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Group 3 


Resuscitation. These patients should be assessed on 
arrival and intubated and ventilated as soon as possible. 
Patients are only transferred to the intensive care unit 
after tracheal intubation and suction and are ventilated 
with 100 percent oxygen during transfer. 

Ventilation. Initial ventilation by means of a manual 
inflating bag is often accompanied by the necessity for 
frequent suction of water from the lungs. The maximum 
amount of water removed has been 2 litres. However, 
as soon as the need for frequent suction is overcome, the 
patients lungs are ventilated mechanically. A volume 
cycled machine is used because compliance is frequently 
reduced in the initial stages. 

Positive end expiratory pressure (PEEP). If it is 
difficult to maintain a Pao, of 8 kPa without the 
inspired oxygen concentration being greater than 50 
percent, then we consider the use of PEEP. The latter 
can only be used when the cardiovascular state is 
satisfactory and commences with 0.25 kPa and the 
effect on pulse, arterial blood pressure and urine output 
are noted. If the initial PEEP regimen is tolerated, then 
it may be increased by 0.25 kPa increments up to 
1.0 kPa. 

Central venous pressure (CVP). Most patients have 
poor peripheral perfusion and a central venous pressure 
line should be set up as soon as is practical. There have 
not been any patients with raised central venous 
pressures during resuscitation from an immersion 
incident and any abnormality has always suggested 
hypovolaemia. We have used warmed intravenous 
fluids and a mixture of crystalloid and colloid solutions. 
In the past, blood was used as a volume expander 
and was satisfactory. 

Hypothermia. Rectal temperatures have been as low 
as 26°C and several patients had temperatures in the 
range 28-30°C. If the patient’s ventilation and 
cardiovascular system are stable, there is no need for 
rapid rewarming, but, if necessary, one of the safest and 
most effective methods of rewarming has been by 
peritoneal dialysis. Warmed isotonic peritoneal dialysis 
fluid is used. We have used this method on adults and 
in children down to the age of 5 years, and have found 
that insertion of the catheter is simple and safe and has 
produced no complications. 

Basic regimens. After initial resuscitation, measure- 
ments should be made of blood sugar, acid base status, 
haemoglobin, packed cell volume and serum’ 
electrolytes. Treatment includes the use of intravenous 
steroids, antibiotics and physiotherapy. An occasional 


finding is a rapidly rising serum sodium and chloride ° 


level, accompanied by a rise in haemoglobin and packed 
cell volume in patients rescued from salt water. The 
majority of these return to normal without treatment. 
However, in the more serious cases, isotonic peritoneal 
dialysis will help minimise and correct electrolyte im- 
balance. To date, this has been rapidly successful and 
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no patient has been dialysed for more than 24 hours. 
Radiology. The chest X ray in these patients is usually 
virtually a ‘white out’ due to water in the alveoli, rather 
than left heart failure. With successful treatment, there 
is rapid improvement in the clinical and radiological 
picture, which frequently returns to normal in 48 hours, 


Group 4 


The most difficult to assess and treat are those patients 
who have apparently suffered a cardiac arrest, with 
absent ventilation and heart beat. Any patient with a 
short history of immersion is met by the resuscitation 
team, and is only declared dead after the following 
criteria have been considered: an adequate history has 
been obtained wherever possible, an ECG has been 
taken to show asytole, and a rectal temperature record- 
ing has been taken. 

Using these criteria, of the 132 patients brought to us 
in over 10 years, only nine have not received an attempt 
at resuscitation. If the history is of a short immersion, 
particularly if hypothermia is present, then treatment 
would be initiated even if the heart was in asystole. 
Resuscitation techniques follow the conventional 
methods. 

Intubation and ventilation. This is achieved as soon as 
the patient is assessed and transfer occurs during 
ventilation with 100 percent oxygen. 

Cardiac massage. If the ECG shows asystole, then 
cardiac massage is undertaken and the patient trans- 
ferred to the intensive care unit while undergoing 
cardiac massage and mechanical ventilation. Ven- 
tricular fibrillation is treated immediately by DC 
shock. Children have been successfully defibrillated at 
temperatures as low as 26°C. 

Intensive care management. The parent’s lungs are 
initially aspirated, and, when practical, are ventilated 
with a volume cycled ventilator and a CVP line set up. 
Warmed intravenous fluids are used as necessary, to 
establish a reasonable circulating blood volume and 
urine output. Metabolic acidosis, hypothermia and 
electrolyte imbalance may be severe in these cases and 
must be corrected. The most difficult to correct is 
hypothermia as the circulation is, of course, initially at 
a standstill. Any improvement in cardiac output with 
cardiac massage initially leads to the return of cold 
blood to the heart. Peritoneal dialysis and warmed 
nasogastric fluid has been tried in these patients, but 
with limited success. The inspired gas mixture of the 
ventilator is heated and humidified. The object should 
be to raise the temperature of the patient to 30-31°C. 
If resuscitation is successful, then future management 
will follow the lines previously outlined. If sinus rhythm 
and a reasonable cardiac output have been restored, 
then rewarming can be a gradual process. Even if re- 
suscitation does not appear to be successful, it is not 
abandoned until the temperature has been raised to 
31°C. 


Results 


It has been possible to review the treatment of 121 of the 
123 patients treated. There have been 12 deaths and the 
remainder have survived and recovered normally. The 
survivors have been classified in the various groups used 
for assessment (Table 1). 


Table 1. Number of survivors in the classification groups 


Number of 
patients Survivors 
Group Í 53 53 
Group 2 50 49 
Group 3 8 6 
Group 4 10 1 


All patients who had no clinical or radiological 
evidence of inhalation when they arrived at the hospital 
survived, none deteriorated and there were na serious 
sequelae. Many of these patients were said to have been 
apnoeic on rescue and had received mouth tc mouth 
resuscitation. 

The patients in group 2 also had a very good prognosis. 
The only death occurred in a patient who was not 
seen by the resuscitation team because he was thought 
to be suffering more from drunkeness than thz effects 
of drowning. Four hours after admission he became 
hypotensive, cyanosed and unconscious. Although 
transferred to the intensive care unit and treated 
vigorously, he never recovered consciousness and 
subsequently died several weeks later from pulmonary 
embolism. 

The six survivors in group 3 all recovered fully and 
suffered no pulmonary or cerebral damage. There were 
two deaths. The first was a child who was recovered 
from a submerged light aircraft. Initial resuscitation 
appeared to be successful but the patient subsequently 
died from respiratory distress syndrome (RDS). This 
is the only case of RDS that we have in our series, and 
the only serious pulmonary complication that occurred. 
The other death was in a patient who was unconscious 
on arrival and never recovered consciousness, but died 
several months later from pulmonary infection. Closer 
review of his history has suggested that the airway was 
not cleared before initial resuscitation was commenced 
on the beach. 

In the patients who arrived having already apparently 
suffered cardiac arrest, there was only one survivor and 
he recovered normally. The heart was restarted in two 
further patients, but neither regained consciousness and 
death occurred after a short while from overwhelming 
cardiorespiratory failure. It should be noted that there 
were no mentally damaged survivors in our series and 
no long term pulmonary complications. 


Discussion 


Drowning occurs because of either an inability to swim 


or a decreased level of consciousness which leaves the 
airway unguarded. Frequently, there isa combination of 
both factors. There are, however, several medical con- 
ditions which can precipitate the drowning process and 
should always be borne in mind once the primary treat- 
ment has been instigated; examples are injuries to the 
head and neck causing temporary loss of consciousness, 
myocardial infarction, stroke, epilepsy, acute hypo- 
glycaemia and intoxication with alcohol. Hyperventila- 
tion prior to diving can lead to sudden unconsciousness 
under the water because the Pao, may fall to low levels 
whilst the Paco, may still be low or normal. Sudden 
immersion in cold water can lead to hyperventilation 
and tetany. 

It was first reported in 1969 that even accomplished 
swimmers may be unable to swim for more than a few 
minutes in very cold water.? There is little doubt that 
such people can drown through an inability to maintain 
normal swimming movements and keep their airway 
above the water well before they suffer from the other 
effects of hypothermia. The author has had discussions 
with life savers who recount similar experiences, in 
which expert warm water swimmers appeared to get 
into difficulty off the North Cornish coast; they 
produced bizarre paddling movements and had dif- 
ficulty in coordination and control of their breathing 
and airway. On recovery, they steadfastly deny that they 
were in any difficulty whatsoever. The physiology of the 
drowning process has recently been reviewed by 
Golden,” who indicates that profound cardiovascular 
and respiratory changes occur during immersion and on 
removal from the water. It is also our experience 
that cardiac arrest occurring without apparent in- 
halation, the so-called dry drowning described by 
Moritz,* is a rare entity. This is difficult to explain 
satisfactorily, but a common finding of severe brady- 
cardia in near drowned children may lend support to the 
concept of a vestigial diving reflex acting as a protective 
mechanism.‘ 

It is apparent that a number of our patients did not 
have evidence of inhalation when first seen. Many 
patients who were apparently apnoeic when taken from 
the water and received mouth to mouth resuscitation 
had no evidence of inhalation on reaching hospital. 
These people need little treatment but careful observa- 
tion, as late deterioration or secondary drowning has 
been well documented.®-? However, any patient who 
has inhaled water, should be admitted to an intensive 
care unit and carefully monitored. Even patients who 
are conscious and appear to be recovering quickly need 
watching for the cardinal signs of deterioration; these 
include a fall in the level of consciousness or a com- 
bination of tachycardia and tachypnoea. The detection 
and relief of hypoxia in the shortest possible time is 
fundamental to management. If there is any doubt 
about the adequacy of ventilation, then intubation and 
mechanical ventilation should be instituted without 
delay. 
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Cardiovascular stabilisation must accompany the 
relief of hypoxia. Any abnormality in the cardio- 
vascular system has always been hypovolaemia. There 
have now been three clear instances where patients lost 
consciousness when lifted from the water in a vertical 
position. Inotropic agents have not been necessary as 
fluid replacement alone has proved satisfactory. 
Circulatory overload was not produced in any of our 
cases and there is no need for diuretics in initial therapy. 
Although facilities are available, we have not yet 
measured pulmonary artery or wedge pressures. 

After these basic variables have been stabilised, the 
next priority is the acid base status of the patient and 
the question of hypothermia. These two problems seem 
closely linked, even if the circulation remains in a 
reasonably normal condition. We have abandoned any 
temperature correction of blood gas results as correc- 
tions were minor and did not affect clinical treatment. 
Hypothermia is common and we found that the records 
of 47 children admitted in a 6-year period showed that 
45 percent of them had a rectal temperature of less than 
35°C on arrival. At and above this temperature, 
cerebral function is usually normal and the airway is 
protected. If the temperature falls below 35°C, there is 
increasing mental impairment, disorientation and 
steady deterioration of consciousness. Eventually, the 
finest swimmer is unable to make the requisite effort to 
keep his airway above the water and he drowns. Our 
fatalities, though cold, all died from drowning and we 
saw no death primarily from hypothermia (which could 
only occur in a patient wearing a life jacket and 
immersed in a relatively calm sea). 

Hypothermia must, however, be one of the major 
reasons why there have been reports of successful re- 
suscitation after prolonged periods of immersion.®~*° 
These have almost always occurred in children in whom 
the relatively large body surface area to weight ratio 
would mean that rapid cooling occurred in cold water. 
Cooling could also increase if cold water were absorbed 
from the gut or lung. We have successfully resuscitated 
one boy after 70 minutes of immersion in the water, 
despite cardiac arrest shortly before his arrival. 

The methods used to increase body temperature have 
really been dictated by the facilities available to us, as 
we do not have the advantages of cardiopulmonary 
bypass, which has been used for controlled rewarming 
in accidental hypothermia.’! Nevertheless, rapid re- 
warming probably has little place in treatment, because 
if the cardiac output and respiration are stable, there is 
little urgency in bringing the body temperature back to 
normal. There may be benefit from keeping the 
temperature at 31—32°C to aid recovery in those patients 
who have suffered from a cardiac arrest or hypoxia. 
Potential dangers from rewarming are sudden vasodila- 
tation and a fall in blood pressure, coupled with the 
return of cold, acidotic blood to the heart. 

The use of steroids has been controversial since the 
work of Calderwood,!? which showed no improvement 
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in survival rates after methylprednisolone. This was, 
however, restricted to aspiration of distilled water in 
dogs. We have continued, therefore, in the early use of 
large dose steroid therapy and have only one case of 
respiratory distress syndrome in our series. 

Similarly, the routine use of antibiotics is con- 
troversial.1> We have used a broad spectrum antibiotic 
in all patients who have aspirated and have had no 
problems with pulmonary infection, fibrosis, abscess or 
bronchiectasis. 

The difference between fresh water and salt water 
drowning has largely become academic in initial treat- 
ment of immersion incidents. Transient changes in 
electrolyte balance after salt water drowning have been 
observed, but only rarely a serious clinical situation. It 
appears that isotonic peritoneal dialysis to reverse the 
situation and maintain normal electrolyte and water 
balance is a safe solution. Renal failure has been. 
reported.!4 

Barbiturate therapy in comatose children suffering 
from fresh water near drowning was first advocated i 
1979.15 The use of barbiturates in conjunction witk 
hyperventilation, dehydration and hypothermia aims tc 
reduce the brain’s metabolic needs and so minimise 
damage. Initial results were encouraging and, recently. 
Conn and Barker!® showed that a specialised referral 
centre could produce remarkable recoveries, but a 
percentage of survivors had persistent cerebral damage 
We rarely see this type of situation, because most 
patients arrive shortly after rescue, usually from 
salt water and, consequently, we have little experience 
of this form of treatment. 

Future developments in treatment of the drowned 
patient lie largely at the accident site. Awareness of the 
dangers of cold water swimming are steadily beirg 
publicised,” but appropriate methods of rescue, r>- 
suscitation, and transport to hospital remain vital. 
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Spinal anaesthesia and day care sargery? 


Your editorial (Anaesthesia 1985; 40: 1059-60) is 
refreshingly iconoclastic and cheering to those who 
welcome change for the good. But why subarachnoid 
block? Is it not better to leave the dura intact and not 
to have the worry of headaches? Day case management 
of herniae and operations of similar magnitude is 
clearly appropriate wherever cost means anything to 
anybody. By the same token, it is also appropriate to 
choose anaesthetic techniques which will keep the 
patient on his feet and reduce the chances of incidental 
morbidity and return visits to hospital. 

It has been my practice to use epidural lignocaine 
(with adrenaline) for the actual surgery of hernia repair. 
An ilio-inguinal block is given in the recovery room, 
using 0.25% bupivacaine (with adrenaline) for 
prolonged postoperative pain relief. A loading dose of 
1000 mg diflunisal (Dolobid) is given by mouth and the 
patient is sent home under escort by a friend or sig- 
nificant other to spend a pleasant, lazy and pain-free 
day away from dangerous mechanical devices such as 

‘ chain-saws or motor cars. Diflunisal 500 mg is taken 
twice daily for 48-72 hours if required. Those of sterner 
stuff can return to non-hazardous and non-strenuous 
work the same day. One colleague of such disposition 
was found doing ward rounds on the evening of opera- 
tion and again the next morning, without complaint and 
standing proudly as he went about his task. Clearly, 
epidural technique should be impeccable, since one 


should not encourage large accidental dural taps in 
ambulant patients. 
Department of Anaesthesia, P.R. BROMAGE 
King Khalid University Hospital, 

P.O. Box 7805, 

Riyadh, 11472, 

Kingdom of Saudi Arabia 


A reply 


Thank you for allowing us to see the interesting letter 
written by Professor Bromage. We entirely take his 
point that extradural block has at least one great 
advantage over intradural, namely that it never causes 
postoperative headache (provided that the dura is not 
accidentally punctured). We would not dissent from his 
suggestion that if central neural blockade is to be given 
to a day stay patient, then the extradural approach is 
probably superior to the intradural. We are, of course, 
impressed by his practical method of management of 
such cases as shown by the splendid postoperative 
experience of one of his colleagues. 

Our editorial was, however, written as a commentary 
on an article on intradural spinal analgesia in day stay 
surgery (Anaesthesia 1985; 40: 1059-60) and we 
suggested that perhaps an overnight stay is not always 
necessary after this method of pain relief is employed. 


$ 


Even less should it be necessary if extradural analgesia 
is used in patients considered suitable. 


Southend Hospital, J.A. LEE 
Westcliff on Sea, R.S. ATKINSON 
Essex, SS0 ORY 

Another reply 


Dr Bromage raises the question, why not epidural 
anaesthesia for day care surgery? Epidural anaesthesia 
is an excellent technique, and certainly so when the 
surgical procedure takes a long time. 

We had to choose between general and regional 
anaesthesia for a short procedure, because the surgeon 
did not want to perform this under infiltration anaes- 
thesia (Anaesthesia 1985; 40: 1108-10). In our hands, 
subarachnoid block with lignocaine 5% has a 
4-5 times faster onset time than epidural block with 
lignocaine 1%. We get the impression that spinal 
anaesthesia is more reliable, with less tendency to cause 
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incomplete blocks or missed segments. The choice thus 
fell on spinal anaesthesia, since we wished to avoid 
general anaesthesia. 

We also question the use of spinal anaesthesia, 
especially in young patients, since data from our 
department indicate a high frequency of postspinal 
headache in young patients in hospital. Eighteen 
of the 77 male patients between 20 and 30 years 
of age who had a: spinal anaesthetic through a 
25-G needle, developed signs of postspinal headache. 
The same happened to 16 out of 26 female patients 
(61.5%) in the same age group. These findings support 
the statement that it is not the ambulation, but the 
spinal anaesthetic itself, which makes it unsuitable in 
young patients. 

Department of Anaesthesiology, H. FLAATTEN 
5016 Haukeland Hospital, 

Bergen, 

Norway 


u Safer obstetric anaesthesia—just an ideal? 


The letter by Dr Ramamoorthy (Anaesthesia 1986; 41: 
82) is pertinent, timely and a cause for concern. Dr 
Ramamoorthy emphasises that all is not well in the 
everyday practice of obstetric anaesthesia. Competent 
assistance is not always available to the anaesthetist for 
the performance of cricoid pressure and other 
potentially life-saving procedures and sometimes there 
is no appropriate regimen directed towards the 
promotion of a safe gastric pH at the induction of 
anaesthesia. A further cause for concern is the prejudice 
of, it is to be hoped, a diminishing number of obste- 
tricians against the use of a left lateral tilt. 

Failure to provide skilled assistance, functional 
apparatus and an appropriate antacid regimen is not the 
fault of the junior anaesthetist. Where deficiencies exist, 
the consultant anaesthetists should act in order to 
rectify them. 


Members of the Obstetric Anaesthetists’ Association 
(OAA) will share Dr Ramamoorthy’s concern and some 
may be surprised that such deficiencies exist in the 
United Kingdom in 1986. Several surveys, some of 
them recent, have investigated the anaesthetic staffing 
of maternity units and recommendations have been 
made by the OAA and other bodies. There have been 
few enquiries into the implementation of clinical 
practices designed to make anaesthesia safer. Office 
bearers of the OAA have discussed such a survey and 
Dr Ramamoorthy may be heartened to know that he is 
not alone in this concern. 


The Queen Mother’s Hospital, D.G. Moir 
Yorkhill, President, 
Glasgow G3 8SH Obstetric Anaesthetists’ Association 


Resuscitation on labour wards 


We read with interest Dr Crawford’s comprehensive 
review of complications resulting from epidural 
analgesia for labour, (Anaesthesia 1985; 40: 1219-25). 
The possibility of subarachnoid injection of local 
anaesthetic during a top up is a rare, but potentially 
fatal complication, and we agree that staff competent in 
resuscitation must always be immediately available. 

However, even in obstetric units with a resident 
anaesthetist, a problem may arise following an epidural 
top up by a midwife, when the anaesthetist is committed 
elsewhere (emergency Caesarean section, for example). 
The obstetric medical staff may well then be called on 
to initiate resuscitation until the anaesthetist is 
available. 


The standard of basic resuscitation skills possessed 
by most hospital doctors has been a subject of recent 
report! and discussion,™? and we would suggest that 
instruction in resuscitation techniques for obstetric 
medical staff in particular is now essential if occasional 
disasters are to be avoided. 


Plymouth General Hospital, D.G. GayLare 
Plymouth PLA 8QQ I. WILSON 
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A reply 
I am totally in agreement with the views expressed by 


your correspondents. However, such a back-up facility 
must not encourage a dilution or reduction of intensity 
of supervision to below acceptable standards by the 
anaesthetists involved in the service. 


J. SELWYN CRAWFORD 
The Birmingham Maternity Hospital, 
Edgbaston, Birmingham B15 2TG 


Angesthesia for Caesarean section: no need for nightmares 


It was distressing to learn from the media that there are 

still many women who suffer awareness under general 

anaesthesia for Caesarean section, and that there are 

still reputable anaesthetists who will defend the practice 
- of skimping on anaesthesia in the belief that this is in 
the interests of the baby—this despite repeated warnings 
of the dangers of amnesic wakefulness! and even 
awareness? during Caesarean section. 

It is essential to distinguish between asphyxia, which 
can do permanent damage to the baby’s brain, and 
anaesthesia, which is a reversible process. Since 
neonatal intubation and artificial ventilation became 
widespread in the 1960s, minor degrees of transient 
neonatal depression should pose no threat to cerebral 
oxygenation. True, maternal anoxia and major 
circulatory depression would impair fetal oxygenation, 
but these are not the inevitable accompaniment of 
modern anaesthesia, in the wedged position, using 
adequate though not excessive doses of anaesthetic 
agents. However, maternal stress resulting from 
awareness, is likely to reduce maternal placental blood 
supply. 

Anaesthetic agents, with the exception of neuro- 
muscular blocking drugs, all cross the placenta 
readily, but they can only accumulate slowly in the 
baby, simply because, as may sound obvious but is 
frequently forgotten, maternal blood does not perfuse 
the baby’s brain! Thus, the bolus effect of thiopentone 
cannot be reproduced in the fetus,™* and though 
umbilical venous concentrations may be high, this is 
only the blood that is directly downstream of the 
placenta, and not that which perfuses the fetal brain. 
Even nitrous oxide, though freely diffusible and much 
less tissue-concentrated than thiopentone, may take the 
best part of an hour to achieve materno-fetal equilibra- 
tion. The safety of enflurane in the field is widely 
attested, but like nitrous oxide it may accumulate 
briefly. Modest haste is therefore the order of the day 
for the surgery prior to delivery, rather than mingy 
anaesthesia. 

Does anaesthesia pose a greater threat to the com- 
promised fetus? Placental transfer rates, and hence fetal 
dose, of freely diffusible compounds, are dependent 
upon umbilical flow which is reduced in fetal distress. 


Moreover, surgery is always swift in such circum- 
stances. It is the fit baby delivered by leisurely surgery 
that will suffer drug effects, not the compromised fetus. 

In the past it has been prolonged treatment of the 
mother with barbiturates and benzodiazepines that has 
had a lasting detrimental effect in the neonate,”* not 
correctly conducted anaesthesia for a brief period. It 
cannot be in the best interests of any baby to be born 
to a mother who suffers nightmares at the memory of 
his birth. 

When I questioned the value of routine antacid 
prophylaxis in labour,’ I headed my letter ‘a sacred cow 
under attack’. The only outcome was a spate of reprint 
requests from vets. I hope the present letter heading will 
attract the attention of a more relevant sector of the 
population. 


Anaesthetic Unit, Feticrry REYNOLDS 
St Thomas's Hospital Medical School, 
London SE1 7EH 
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Possible subarachnoid migration of an epidural catheter 


We would like to report a case of concealed dural tap 
which occurred during our current study of epidural 
catheter migration during labour. 

The patient, a 21-year-old primigravida with a 
history of chronic mastoid disease and scheduled for 
further ear surgery, was given epidural analgesia as pain 
relief for labour. The L2 interspace was chosen and the 
epidural space was easily identified at 3.5 cm depth 
using loss of resistance to saline; further confirmation 
was obtained using a fresh, air-filled 2-m! syringe. The 
epidural catheter was then threaded through the Tuohy 
needle in the normal way and adjusted to leave 3 cm in 
the epidural space. A test dose of 4 ml 1% plain 
lignocaine, given while the patient was still lying on her 
left side, produced neither sensory, motor nor sym- 
pathetic signs or symptoms and 5 minutes later she was 
given 7 mi 0.5% plain bupivacaine in the sitting 
position. Analgesia was achieved over the next 5-10 
minutes. Her blood pressure decreased from a pre- 
epidural level of 120/70 to 100/60 mmHg at 15 minutes 
and 90/60 mmHg at 30 minutes, 

The sensory blockade was tested to pin-prink at 30 
minutes and found to extend bilaterally to the T, 
dermatome. Modified motor power in the legs and toes 
was maintained throughout and the patient was happy. 
A live infant was bom by spontaneous vertex delivery 
before the administration of a further top-up; the effects 
of the epidural had been allowed to wear off, since the 
mother expressed a desire to be able to feel the delivery. 

The epidural catheter was removed after delivery; the 
distance from the skin to the 10-cm mark was recorded 
as part of our study on epidural catheter migration 
during labour. i 

On routine follow-up the next morning she com- 
plained of a headache with similar features to those she 
experienced from her mastoid. The headache became 
more severe later the same morning and when she was 
seen again she had a more typical spinal headache with 
nausea, neck stiffness and photophobia. A diagnosis of 
concealed dural tap was considered, especially since, 
on closer questioning, she mentioned that she had had 
tingling hands during her labour after the epidural had 
been sited. 

She was treated with analgesics, anti-emetics and bed 
rest and encouraged to lie prone, but her symptoms 
persisted with sufficient severity for us to perform an 
epidural blood patch the following morning. This 
proved effective for about 30 hours when she said her 
headache and nausea returned. 

Three days after the blood patch she was offered the 
opportunity of another blood patch the following day 
if her symptoms had not improved. Features of the 
headache still seemed to be predominantly spinal in 
nature, but could not entirely be separated from those 
experienced as a result of her mastoid condition. She 


was therefore referred to the ENT department who 
reported that her ear was not responsible for her 
symptoms. On the day of the proposed second blood 
patch she was considerably improved and it was 
deferred. She maintained her improvement and was 
discharged home 8 days after her confinement. 

From the record of the catheter siting and its re- 
moval, it was found that the catheter had migrated 2cm 
into the patient so that 5 cm of catheter were in the 
epidural space. Our study into epidural catheter 
migration in labour is intended to find out how many 
catheters move from their original positions, in 
which direction they move relative to the patient, 
and what effects this movement has on the effective- 
ness of the epidural analgesia. Thus, we are able 
to state with some certainty, that the catheter in 
this case had migrated a significant distance into 
the patient. 

There remains uncertainty about the moment at 
which the dural tap occurred. The catheter siting was 
performed with ease and at no time was free fluid 
seen to drip from either the needle or the catheter. It is 
possible that a small ‘nick’ was made in the dura that 
did not allow free leakage of cerebrospinal fluid (CSF) 
until the intradural pressure was raised by the expulsive 
efforts of delivery. The test dose of lignocaine produced 
no discernible effects and dural tap was not suspected. 
Straightening the patient from the flexed position 
adopted to allow access to the epidural space and sitting 
her up may have encouraged the inward migration of 
the catheter as it was gripped by the ligamentum flavum 
and this may have caused the dural puncture, 

The effects of the bupivacaine did not raise any 
suspicions of dural tap although perhaps analgesic levels 
of T, are not common with a 7-ml dose given in the sit- 
ting position. It is also possible that only one of the three 
ports in the catheter lay intradurally, resulting in the 
bulk of the dose being given epidurally but allowing free 
leakage of CSF when the catheter was removed. The 
tingling of her hands did not correlate with the 
measured sensory level of the blockade and was not 
mentioned by the patient until the following day. No 
further bupivacaine was given, so features which might 
have suggested subarachnoid administration were not 
elicited. 

Measurement of the length of catheter in the epidural 
space on siting and removal may provide corroborative 
evidence that a catheter puncture of the dura may have 
occurred. It seems reasonable to assume that catheter 
migration is most likely to occur when the patient is 
moved from one position to another. This could be at 
any time from the position used on siting the catheter 
to the position adopted for delivery and after, up until 
its removal. Perhaps more importance should be 
attached to the fixation of the catheter to prevent its 


654 Correspondence 


migration into the epidural space as well as its migration Clinical Sciences Building, DEBORAH C. PHILLIPS 
out. St James’s Hospital, ROSEMARY MACDONALD 
Beckett Street, G. Lyons 
Leeds LS9 7TF 
Migration of epidural catheters 


The case report by Kumar, Dennison and Lawler 
(Anaesthesia 1985; 40: 1100-2) illustrates the impor- 
tance of correct placement of the epidural catheter in 
epidural analgesia. My personal experience also 
suggests that 3 cm is the ideal length of the Portex 
catheter (with side holes) to be inserted into the epidural 
space. The authors touch briefly on the problem of 
fixation of the catheter to the skin and the difficulty of 
depth estimation in the obese. This is quite important 
when only a short segment of the catheter is in the 
epidural space. 

There is considerable movement of the skin and soft 
tissues over the lumbar spine with change of position in 
an obese patient. This can be readily observed if the 
patient is moved before a dressing is applied to the 
puncture site, since the epidural catheter is usually 
grasped reasonably firmly by the ligamentum flavum. 
In one patient whose epidural space was 12.5 cm from 


the skin, 2.5 cm of catheter was pulled in through the 
skin hole with change from the sitting to the left lateral 
position. If a fixative dressing had been applied in the 
sitting position, subsequent top ups would have been 
unsuccessful. 

Consequently, my practice now in obese patients is 
to insert the epidural catheter and then change the 
patient’s position before applying the fixative dressing 
(either sitting to left lateral, or left lateral to sitting). 
Consistent success with epidural analgesia depends on 
attention to detail. 


Department of Anaesthesia, S.G. WEBSTER 
King Edward Memorial Hospital for Women, 

Subiaco, 

Western Australia, 6008 


Epidural test dose in obstetrics 


May we take issue with at least some of the points made 
by Dr Casey in his letter concerning the epidural test 
dose in obstetrics (Anaesthesia 1985; 40: 597). The 
occurrence of deaths associated with epidural analgesia 
in obstetrics is clearly a matter of great concern.’~* 
The use of an effective epidural test dose would cer- 
tainly result in. a decrease in the number of accidental 
subarachnoid and intravenous injections of local anaes- 
thetic, but to suggest that this procedure can ever be 
100% effective is dangerous and fallacious. Differ- 
entiation between epidural and subarachnoid injection 
of small volumes of local anaesthetic is a particular prob- 
lem in the parturient, whose judgement is often clouded 
by pain, panic and pethidine. The effect of an intra- 
thecal injection of local anaesthetic is essentially similar 
to that produced by an epidural injection, since both 
cause elements of motor, sensory and autonomic block. 
Any differences which are detected depend on the inter- 
pretation of the degree of block produced by the test 
dose when compared with previous experience of 
injection of a similar dose into the epidural space. Sub- 
arachnoid injection in pregnancy causes a relatively 
high level of block compared to the nonpregnant 
patient, largely due to the alterations in epidural 
Space pressure, on movement from the lateral 
to the supine position." Russell has shown that this 
phenomenon results in an average extension of the 
block by six dermatomes when isobaric local anaes- 
thetic is used for spinal anaesthesia for Caesarean 


section.” The patient who has an epidural test dose is 
not normally moved between the injection and its inter- 
pretation, so this effect will not occur. Thus, though 
high blocks have frequently been reported following 
deliberate spinal injection of 3-4 ml isobaric local 
anaesthetic,®° there are, as yet, no reports of this 
happening after a properly conducted epidural 
catheter test dose. The corollary of this is that if a small 
volume of 5% lignocaine is injected with the patient 
in the sitting position, and the patient is not then 
moved, the resulting block, despite its density, could be 
confined to the sacral dermatomes. An additional 
problem is that an injection of even a small volume of 
such a concentrated solution of lignocaine into the 
epidural space could be expected rapidly to produce a 
limited epidural block. Surely the questions: “How is 
this test dose to be administered?’ and ‘How, and when, 
is it to be interpreted?’ must be precisely answered 
before one can even begin to determine whether massive 
intrathecal injections are truly avoidable using this test 
dose solution as Dr Casey implies. Personally, we doubt 
it. Somewhere, perhaps even now, an anaesthetist is 
attempting an epidural block on an hysterical mother- 
to-be who is breathing Entonox; together they ensure 
that total spinal blocks are here to stay. 

Acceptance of the principle that occasional massive 
intrathecal injections may occur even when a test dose 
has been carefully administered, has considerable 
implications for the way in which obstetric epidural 


anaesthesia is practised in this country. We must insist 
that local anaesthetic is not injected through an epidural 
catheter unless a doctor competent in the skills of 
intubation and resuscitation is available at a minute’s 
notice. 


Department of Anaesthesia, 
Regional Cardiothoracic Centre, 
Freeman Hospital, 

Newcastle upon Tyne 


G.D. PRINCE 
D.G. MCGREGOR 
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Antibody involvement in reactions to neuromuscular blocking drugs 


Thank you for the opportunity to reply to the critical 
letter from Dr Baldo! about our own modest views? on 
allergic drug reactions. It was not the intention of the 
Sheffield group to denigrate the observations of this 
well respected Australian group, only to suggest caution 
to their wilder extremes of interpretation. One re- 
called, however, two lines from Hamlet: ‘The lady doth 
protest too much, methinks’ and ‘Myself I am but 
indifferent honest’. 

In general terms, the immunological problems of 
anaesthesia are analogous to those encountered in food 
allergies, but here are a few specific observations on the 
points raised by Dr Baldo. 

An individual raises antibodies to the many antigens 
encountered daily as part of normal immunological 
defence. 

Such defence has considerable advantage to the 
individual’s wellbeing, unless he generates a grossly 
excessive (hypersensitivity) response. What evolution- 
ary advantage pertains to the latter response is far from 
clear, but the antibodies produced are likely to be of IgE 
class and their formation already implies distinct 
genetic traits for that individual. 

If IgE antibodies are widely produced to neuro- 
muscular blocking drugs, we might expect patients with 
atopy, allergy or other evidence of IgE involvement to 
be particularly involved. Many first time reactors have 
extremely low or nonexistent plasma IgE levels.3 

If the hazard is indeed the specific determinant 
(substituted ammonium group) implicated by Dr 
Baldo, why are not all neuromuscular drugs similarly 
(clinically) implicated?* If the answer invokes a par- 
ticular molecular spatial arrangement, e.g. proximity to 
an aromatic ring, then surely this dilutes the significance 
of the presence of the specific determinant per se. We 
might ask, at an even more fundamental level, why such 
sensitised patients do not exhibit clinical allergy to their 


sensitising agents, be they foods, cosmetics or whatever? 

Even the demonstration of circulatory specific anti- 
bodies per se does not define their role in the clinical 
reaction. A useful illustration here is of the cross- 
reacting antibodies to dextran. Such antibodies are 
often present in high titre in patients who have suffered 
pneumococcal infections, but their role in all dextran 
infusion reactions is highly equivocal. 

Intradermal tests may be misleading. It is very easy 
to generate false positives and in our prospective trials‘ 
such tests provided no help whatsoever. It is surprising 
that Dr Baldo does not refer to this, since it was 
presented at the Nancy Meeting which generated one of 
his own references! 

Finally, I see no reason to believe that our caution 
means our advice to anaesthetists is more hazardous 
than that provided by our colleagues in Australia. 
Department of Immunology, J. WATKINS 
Royal Hallamshire Hospital, 

Sheffield S10 2RX 
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Allergic drug reactions during anaesthesia 


We read with much interest the letter from Dr J. 
Watkins and Professor W. Nimmo (Anaesthesia 1985; 
40: 813-4) which expressed some reservations about 
cutaneous testing aimed at the diagnosis of adverse 
reactions to muscle relaxants. 

They state that these substances have notorious skin 
histamine release characteristics, even at dilutions of 
1:1000 or 1:10000 of the normal dosages and give the 
example of a recent study performed with atracurium 
and tubocurarine. Skin weals were observed, but 
subsequent clinical exposure to one of these drugs did 
not produce an adverse clinical response. They then 
conclude that skin testing is not a reliable method to 
detect anaphylaxis to muscle relaxants.: 

We do not agree with this statement for several 
reasons. Firstly, atracurium and tubocurarine are the 
most histamine-releasing muscle relaxants, much more 
than alcuronium, suxamethonium, pancuronium or 
vecuronium. These two drugs are not used in France. 
Secondly, Watkins et al., performed the tests on the 
anterior part of the forearm, while the other 
authors? injected drugs in the upper part of the 
back, or on the exterior part of the arm, where the 
histaminic reactivity is somewhat different. Thirdly, 
there is no complete correlation between the existence 
of specific IgEs and the occurrence of a clinical reaction. 
For instance, the risk of anaphylaxis in patients allergic 
to hymenoptera venom is about 40%. The absence 
of a clinical reaction cannot exclude the presence of 

specific IgE. 

For the same reason, it is not cautious to discard 
intradermal testing in the search for crossed anaphy- 
laxis, on the basis that clinical reactions of crossed 
anaphylaxis seem to be infrequent. In our experience, 
intradermal testing is useful for the diagnosis of 

.anaphylaxis to suxamethonium, alcuronium, pan- 
curonium or vecuronium.’ The criteria for positive tests 
on the back is a diameter of the weal no less than 
10 mm, when 0.05 ml of the dilution 1/1000 is injected. 
The size of the erythema is not a significant variable. A 
smaller diameter weal may indicate a nonspecific 


histaminic reaction. The use of a scale of dilutions may 
help to differentiate the two possibilities, as we showed 
in six cases of anaphylaxis to one muscle relaxant, which 
were tested to atracurium: five patients had a histaminic 
reaction with the dilution 1:10 and one obviously had 
a crossed anaphylaxis, the test being positive at 
1;1000.4 The positive intradermal reactions are well 
correlated with a positive human basophil degranula- 
tion test and, more recently, a radio-immunoassay 
according to a technique which has been published by 
Baldo.*+6 


D.A. MONERET-VAUTRIN 
Service de Medecine D. Immuno-allegologie 
Hopital de Brabois, 
54511 Vandoeuvre, 
France 
Departement d' Anesthesiologie, 
Hopital central, 
Nancy, France 
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Paradoxical air embolism during neurosurgery 


In their article (Anaesthesia 1985; 40: 981-9), Dr 
Clayton and colleagues present four case histories of 
severe haemodynamic changes resulting from the 
complication of entrained air. All four patients were 
monitored with a capnograph and changes in end tidal 
CO, preceded the haemodynamic sequelae in each case. 
None of the patients was monitored with a precordial 
Doppler or central venous catheter, which could have 
afforded earlier diagnosis and therapy. The omission of 
these techniques in the four cases warrants further 
discussion. 


The precordial Doppler has been cited as the most 
sensitive and reliable indicator of air embolism.'~* In 
one large retrospective study of 382 patients in the 
sitting position for neurosurgery,’ changes in the 
precordial Doppler were the first sign of air embolism 
in 20 out of 22 patients (91%). Two patients had 
no change in Doppler sounds but did have evidence of 
air embolism by changes in end tidal CO, and aspira- 
tion of air from a right atrial catheter. It is acknow- 
ledged that the Doppler may record clinically in- 
significant episodes of entrained air, but awareness of 
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even these small amounts are significant as an abrupt 
bolus infusion may occur.* Slow absorption of air in the 
pulmonary vascular system may lead to ventilation— 
perfusion mismatching and postoperative pulmonary 
complications. Clayton and colleagues agree that the 
Doppler may detect quantities of air not detectable by 
the capnograph; they fail to explain why this is not 
routine monitoring in their patients. It is possible that 
the use of the Doppler could have prevented occurrence 
of the paradoxical air emboli by prompting both 
surgeon and anaesthetist to commence therapy earlier, 
for example, flooding of the surgical site, use of bone 
wax, jugular venous compression or withdrawal of 
nitrous oxide. 

The authors cite a reference® which claims their value 
as equivocal about the use of central venous catheters. In 
cases of abrupt aspiration of large volumes of air, as in 
these four cases, the catheter is potentially life-saving. 
In addition, considering the low complication rate of 
central venous catheterisation in skilled hands and the 
rare but devastating complication of paradoxical air 
embolisation, many authorities feel its use is indicated 
routinely.” 

In summary, we believe that use of the combination 
of central venous catheterisation, precordial Doppler, 
and end tidal CO, are indicated for sitting position 
neurosurgery and could possibly have prevented the 
disastrous complications reported by Clayton and 
colleagues. 


Division of Anesthesiology, S. ROTH 
Cleveland Clinic Foundation, D.B. GOULD 
9500 Euclid Avenue, 


Cleveland, Ohio 44106, USA. 
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We read with interest the article by Clayton et al. and 
would like to comment on two points. 
Firstly, the Doppler ultrasonic air embolism detector 
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is no more than a detector, used on its own; it will not 
reduce the incidence of air embolism, it can only 
increase the detection rate. It also suffers from a major 
drawback, in that it is very susceptible to electrical 
interference in the operating theatre and, critically, its 
signal is cut out when diathermy is most needed. It 
is likely that the diathermy will be in use at the moment 
when an air embolism is likely to occur, such as during 
division of muscle and fascial layers. Our policy is to use 
the Doppler in conjunction with an infrared end tidal 
carbon dioxide monitor, to minimise the time lost in the 
detection of an air embolism. 

Secondly, no preventive measures appear to have 
been taken against the possibility of an air embolism, in 
any of the patients reported in the article. It appears 
strange that when placing a patient in the sitting 
position and risking an air embolism, that positive steps _ 
were not taken to raise the venous pressure prior to 
surgery. After all, if the venous pressure is high, then an 
air embolism cannot take place and the problem of 
paradoxical air embolism need not arise. The use of 
positive end expiratory pressure and an antigravity suit 
have been described in the past as effective methods of 
raising the venous and arterial pressures, so perhaps we 
should place more emphasis on prophylaxis rather than 
on treatment.! It is also interesting to note that in no 
patient was a right atrial catheter inserted prior to 
surgery. Several workers? ~* have recommended the use 
of a right atrial catheter as a means of detection and 
treatment of air embolism, for cases such as these. ‘The 
potential to recover embolised air via a catheter should 
not be abandoned’.? Indeed, the author whose reference 
is quoted as indicating that the use of a right atrial 
catheter is unnecessary, accepts that in some cir- 
cumstances it is strongly recommended (arterio- 
venous malformations, tumours involving sinuses).° 
Albin, in a series of patients, had a 75% success 
rate in aspirating air from patients who had entrained 
air detected by a Doppler. Whilst appreciating the 
problems involved in the accurate placement of a right 
atrial catheter, the ability to remove air should not be 
dismissed lightly. 


The National Hospital for P.M. BRODRICK 

Nervous Diseases, D. JEwxes 
Queen’s Square, D. COLEMAN 
London WCIN 3BG S. INGRAM 
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A reply 


It is, in my opinion, naive of Dr Roth and Dr Gould to 
believe that routine Doppler monitoring and placement 
of central venous catheters can prevent paradoxical 
embolism during neurosurgery in the sitting position. 

We did state in our article that a reliable Doppler 
monitor, which is easily positioned and can record in the 
presence of diathermy interference, should be used. 
However, British neuroanaesthetists have been less 
impressed with the efficacy of existing monitors than 
their American colleagues. This may relate to the dif- 
ferent use of surgical diathermy in the two countries. 
British neurosurgeons use diathermy almost con- 
tinuously when opening a craniotomy. This obliterates 
the Doppler signa! on current machines and leaves radio 
silence during the time of maximum risk of air 
embolism. In addition, the subjective and non- 
quantitative aspects of Doppler monitoring are less 
than ideal. Thus, in a British operating theatre, the 
Doppler monitor, although theoretically the most 
sensitive indicator, has often proved an unreliable 
detector of air embolism. Newer techniques of Doppler 
monitoring may improve the situation as we mentioned 
in our article.! 

Dr Roth and Dr Gould seem to have missed one of 
the main points of our article, namely central venous 
catheterisation. It may be useful in air lock of the right 
heart following bolus aspiration of large volumes of air. 
We consider that this is a rare event in neurosurgery and 
the common clinical situation is slow entrainment of 
smaller volumes of air over a longer period which can 
have devastating effects in the coronary or cerebral 
circulations. This is why several authors?’ have noted 
that aspiration of air from the right atrium is often 
difficult and does not lead to an improvement in 
circulatory status. 

Michenfelder,* in a recent review, states that 10 per- 
cent of all patients undergoing neurosurgery in the 
sitting position have the combination of a probe-patent 


foramen ovale and venous air embolism. He estimates 
that in one third of this group, there is a right-to-left 
pressure gradient and that the potential for paradoxical 
embolism exists. The use of transeosophageal echo- 
cardiography and other noninvasive techniques may 
eventually allow this high risk group to identified. 
However, as several workers have demonstrated,** a 
venous air entrainment rate of more than 0.15-0.30 
mi/kg/minute may allow air to cross into the arterial 
system by the transpulmonary route without any 
anatomical cardiac defects. 

The anaesthetists at the National Hospital have 
always been great believers in the prophylactic effect of 
raising venous pressure, but the argument does not 
stand up to critical analysis. One of the main reasons for 
surgeons using the sitting position is the excellent 
operating conditions produced. The raising of venous 
pressure, by either the antigravity suit or the use of 
positive end expiratory pressure will nullify these 
conditions by raising intracranial pressure and causing 
increased bleeding. It would seem simpler not to have 
used the sitting position in the first place. In addition, 
the use of PEEP or an antigravity suit, by increasing 
right atrial pressure, will make paradoxical embolism 
much more likely if venous air embolism does occur. 

It does appear, at the moment, that the only way to 
prevent paradoxical embolism in neurosurgery is to 
abandon the sitting position. 
St George’s Hospital, A.C. THURLOW 
London SW17 
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Awareness in paediatric anaesthesia 


The paper by Dr Gallagher and Dr Black (Anaesthesia 
1985; 40: 1073-7) contains interesting information on 
the uptake of volatile agents in children. However, in 
attempting to collect their data in the absence of con- 
founding factors, the authors may have risked aware- 
ness under anaesthesia in some of the children studied. 


Awareness under anaesthesia is difficult to study in 
children but is, nevertheless, documented! and may be 
more common than in adults.? The precise end tidal 
levels of volatile anaesthetic agents which are necessary 
to prevent awareness in children are not known, nor 
would studies to establish them be readily acceptable to 


the patients or their parents. Minimum alveolar 
concentration (MAC) values for halothane have been 
studied in children and have been found to be higher 
than those for adults. Gregory, Eger and Munson? 
found MAC values for halothane ranging from 1.08 in 
neonates to 0.87 at an average age of 8.4 years as 
compared with 0.75 in adults. It can be anticipated that 
MAC values for other volatile agents are corres- 
pondingly higher in children. Eger* has suggested that 
0.6 MAC represents MAC awake, a level at which 
50% of patients open their eyes and respond to 
simple commands, and thus confirm awareness of their 
surroundings. 

The patients under study were induced with thio- 
pentone 5 mg/kg and paralysed with pancuronium 
0.1 mg/kg. Healthy, unpremedicated children could not 
be expected to remain anaesthetised for longer than 
5 minutes on this dosage of thiopentone. Following 
induction, the patients’ lungs were ventilated with 
100% oxygen until stable end tidal carbon dioxide 
levels were achieved (while not apparent from the paper 
as published, this was noted during the presentation at 
the Annual Scientific Meeting, 1984). Subsequently, 
volatile agents were introduced at an inspired con- 
centration of 1.0%. End tidal values correspond- 
ing to 0.6 adult MAC, though not necessarily 0.6 patient 
MAC were achieved within one minute of vapour 
introduction for all groups receiving methoxyflurane 
and within 5 minutes for all halothane groups. In con- 
trast, 0.6 adult MAC was not achieved until 10 minutes 
in the isoflurane groups, while in the enflurane groups 
this value was never achieved within the 30 minutes of 
the study. It should be noted that an inspired con- 
centration of 1.0% represents 6.25 adult MAC for 
methoxyflurane, but only 0.6 adult MAC for enflurane. 

It would be interesting to know if any of the children 
studied indicated that they were aware of paralysis and 
controlled ventilation, either in response to specific 
enquiry, or voluntarily. Information of this kind might 
prove useful in selecting appropriate concentrations of 
volatile agents in paediatric practice, if, as with these 
patients, it is planned to use neither premedication nor 
intravenous supplements. 


Department of Anaesthesia, R.W. OKELL 
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A reply 


Dr Okell comments that some of the children may have 
been aware of their surroundings during anaesthesia. 

In devising a protocol for an investigation of this 
nature, it is important to exclude as many complicating 
factors as possible in order to obtain meaningful data. 
We indicated in the paper that it was considered 
necessary to ensure that end tidal carbon dioxide 
concentrations were within normal limits following 
thiopentone induction and prior to the introduction of 
the volatile agent under study. These were either within 
the normal range or only slightly elevated when 
measured following induction of anaesthesia, and it was 
always possible to obtain normocarbia within 
2-4 minutes. We realised that there would be a decreas- 
ing level of narcosis at this time, but felt that awareness 
would be most unlikely to occur during such a short 
interval. 

Dr Okell expressed particular concern that the child- 
ren given isoflurane or enflurane may not have received 
adequate anaesthesia, His misgivings appear to be 
based on the assumption that a value of MAC awake 
0.6 derived from adult volunteers recovering from 
halothane anaesthesia! is applicable to children and to 
isoflurane and enflurane. There is no evidence that this 
is the case and, indeed, the findings of Morris? suggest 
that in children an MAC awake 0.3 (approximate) may 
be more accurate for halothane; also, a recent study of 
the elimination of isoflurane in children by Wren et al.3 
would seem to indicate that MAC awake 0.2 (ap- 
proximate) is a comparable figure for the newer agent. 
These data suggest that there is little likelihood of the 
children we studied being ‘awake’. It should also be 
remembered that factors influencing MAC during the 
elimination of volatile anaesthetics may be quite dif- 
ferent from those present during induction* and MAC 
values may well be higher during recovery. 

It is our belief that wakefulness would be extremely 
unlikely after a thiopentone induction followed 
within a few minutes by 1% inspired halothane, 
enflurane or isoflurane, particularly when used with 
pancuronium which may further reduce the patient’s 
requirements of these agents.* This opinion is based on 
our clinical experience of administering volatile 
anaesthetics to children and our impression that aware- 
ness is an uncommon feature of paediatric anaesthesia. 

More importantly, none of the children we studied 
showed any clinical evidence of awareness or other 
manifestations of inadequate anaesthesia. We received 
no report of wakefulness or other adverse comments 
from the children nor from their parents or recovery 
room nursing staff. 


The Royal Belfast 
Hospital for Sick Children, 
Belfast BT12 6BE 
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Anaesthesia for extracorporeal shock wave lithotripsy 


There are a few points which were not mentioned in the 
otherwise comprehensive coverage of the paper by Drs 
Abbott, Samuel, and Webb (Anaesthesia 1985; 40: 
1065-72). 

The renal calculi are positioned in the focus of the 
shock wave reflector by using X ray and are supposed 
to remain within about 1 cm of this point for maximum 
energy transfer to the calculus. It has been necessary, in 
my experience, to reduce the usual tidal volume of 
10 ml/kg/minute to 5 ml/kg/minute to reduce renal 
movement during intermittent positive pressure ven- 
tilation, and to increase the respiratory rate to maintain 
an acceptable end tidal carbon dioxide level. Patients 
who received spinal or epidural anaesthesia were some- 
times unable to maintain a suitably small respiratory 
excursion to keep the calculus still. 

Secondly, the authors recommend that a loss of 
resistance test with saline solution is used for epidural 
placement, to avoid the damage to nerves which might 
occur if the shock wave encountered an air—fluid 
interface such as that produced when air is used to 
locate the epidural space. This may not be as important 
as they claim. Firstly, the shock wave is focussed at the 
calculus, and so the energy density at sites in the path 
of the wave will be less than at the focus. Secondly, not 
all the energy is transferred to the calculus, and yet (as 
far as I am aware), there have been no reports of damage 
to air-containing viscera in the exit path of the wave. 
Finally, we have performed lithotripsy on one patient 
who had a horse-shoe kidney and had to be positioned 
prone, for two separate treatments. Both times he had 
no abdominal symptoms after his treatment, in spite of 
the wave traversing visceral air-fluid interfaces. 

Finally, it is surprising that the patients in this study 
had a decrease in core temperature with a bath tem- 
perature of 36°C, since the thermoneutral temperature 
for humans immersed in water is reported to be 
35-35.5°C.' In my experience, long treatments were 
associated with a drop in core temperature, but this was 
* associated with a decreased water temperature and 
could be eliminated by starting with the water at 
37-38°C. 


Wycombe General Hospital, 
High Wycombe, 
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A reply 


Our paper was based on an investigatory study to 
determine methods of safe anaesthesia for extra- 
corporeal shock wave lithotripsy. We were dependant 
on the advice given to one of the authors (DRW) during 
a visit to a working lithotripter in Mainz, Germany 
sinc? no literature on the subject was published at that 
time. We may have to modify our recommendations in 
the light of the experiences of others with the passage 
of time. 

We accept Dr Young’s suggestion that a reduction in 
tidal volume reduces renal movement and thus 
improves the efficiency of the shockwaves, but 
conventional mechanical ventilation (CMV) is still not 
able to match high frequency jet ventilation (HFJV) in 
producing adequate pulmonary gaseous exchange with 
minimal renal movement (mean movement for CMV of 
30.6 mm and for HFJV of 2.2 mm.' This leads to a 
reduction in the number of shock waves per given 
treatment, a lowering of the kilovoltage intensity, a 
shorter treatment time and an increase in electrode life.? 
The not insubstantial financial savings will soon repay 
the capital cost of the jet vetilator. 

Dr Young claims to be unaware of any reports of 
damage due to exit path shock waves. If he would care 
to read Chaussy’s book,* he will learn that fatal 
haemoptysis has occurred in experimental animals. In 
our paper we commented on the need to ensure that the 
shock wave exit site is immersed, otherwise painful 
erythema will result. This injury occurred in one of our 
patients. In view of these observations, we still recom- 
mend a loss of resistance to saline technique in order to 
avoid any possibility of damage to nervous tissue, 

The temperature range quoted as thermoneutral for 
humans was derived from experiments on awake 
volunteers. Our observations were made on anaes- 
thetised, paralysed patients whose lungs were ventilated 
with dry anaesthetic gases at room temperature. The 
inability to generate even basal amounts of heat 
combined with the cooling effect of mechanical ventila- 


tion may explain the small fall in core temperature seen 
in some of our patients. A higher initial water tem- 
perature than we used may be the solution. 


Department of Anaesthetics, M.A. ABBOTT 
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Carbon dioxide elimination during apnoea 


We wish to illustrate a gross example of a commonly 
seen phenomenon. In a paralysed patient in whom ven- 
tilation is temporarily halted, the reservoir bag is often 
seen to oscillate in time with the pulse. Obviously little 
gas exchange occurs in these circumstances. This slight 
movement of gas has been used in conjunction with 
pneumotachography to give a crude measure of left 
ventricular function.’ The figure shows the ECG and 
end tidal CO, trace of a febrile 11-year-old child who 
weighed 48 kg, undergoing appendicectomy. He had 
received thiopentone 250 mg, suxamethonium 60 mg, 
alcuronium 10 mg and fentanyl! 100 ugm. His lungs were 
ventilated with nitrous oxide, oxygen and enflurane 
1% via a Bain system with a Penlon Nuffield 
ventilator. Frequency of ventilation was 15/minute, 
with a tidal volume of 500 ml and fresh gas flow of 
6 litres/minute. At the time of this recording, the pulse 
was 110/minute, arterial blood pressure 100/70 mmHg 
and the end tidal CO, was 37 mmHg. 

The sampling point for the capnograph was at the 
catheter mount: in the figure, end tidal CO, values 
increase from top to bottom. Instead of the usual 
plateau during expiration, there is a sawtooth appear- 
ance in time with the pulse. In some instances, this is 
almost sufficient to shift the end tidal CO, values from 










































































inspiratory to expiratory levels within one cardiac cycle. 
This implies a degree of useful gas exchange. The 
authors have not encountered such a pronounced pas- 
sive movement of respiratory gases before. 
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Acupressure and postoperative vomiting 


Your editorial (Anaesthesia 1986; 41: 1-3) painted a 
gloomy picture of current therapy of postanaesthetic 
nausea and vomiting. Your readers may perhaps be 
interested in the following trial. 

Five hundred consecutive patients anaesthetised by 
the author were placed randomly in two groups using 
the hospital registration number. Patients in the 
treatment group had acupressure applied to the front of 
the wrist for thirty seconds just before induction of 
general anaesthesia and for another thirty seconds 
before leaving the operating theatre. 

The patient’s wrist is held so that even pressure is 
- applied by the flexor surfaces of the index, middle and 
ring fingers to the distal 5 cm of the flexor surface of the 
forearm. This is approximately over the pronator 
quadratus muscle or alternatively the tendons of the 
superficial flexor muscles of the forearm. The force 


exerted should be sufficient to transmit the pressure to 
the deep structures, but not so great that discom- 
fort is caused to a conscious patient or damage done to 
an unconscious one, perhaps the force should be 
similar to that of a firm hand shake. 

One finger was placed over the skin creases of the 
front of the wrist with two more just proximal. The 
thumb supplied counter pressure. Patients in the control 
group were given similar anaesthetics for the category 
of operation, but the acupressure was not performed. It 
was not possible to use one anaesthetic technique for all ° 
the operations performed, but care was taken to give the 
same agents to all the cases within each category. 

The patients did not know that they were in a trial. 
They were not told why their wrists were being 
squeezed. The trained nursing staff, who assessed the 
patients in the recovery ward, neither knew into which 
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group the patients had been placed nor the purpose of 
the trial. The patients were asked four questions about 
pain, cold, sickness and thirst, to divert their attention, 
and that of the staff, from nausea and vomiting just 
before they left for the surgical ward; the answers were 
recorded. 

There were 131 men and 119 women in the control 
group, with a mean age of 39.9 years and a mean 
operating time of 43.7 minutes. In the acupressure 
group there were 136 men and 114 women, with a mean 
age of 41.1 years, and a mean operating time of 
41.7 minutes. The patients were evenly spaced over the 
following categories of operation: ophthalmic surgery 
43:37 (4:2), ear nose and throat surgery 42:45 (4:1), 
orthopaedic surgery 29:30 (6:0), general surgery 
(major) 60:63 (11:5), general surgery (minor) 76:75 
(15:3). The figures in brackets refer to the number of 
patients in that particular category who were, or who 
complained of feeling, sick (control: acupressure 
groups). Eleven patients in the acupressure group and 
forty patients in the control group felt or were seen to 
be sick, y? = 18.36, p= <0.001. 

This very simple manoeuvre is thus shown to be 
associated with a significant reduction in the incidence 
of nausea and vomiting during the immediate recovery 
period following general anaesthesia given for a variety 
of operative procedures. Its action is brief, 5-30 
minutes, so if the stimulus to nausea continues nausea 
and vomiting will recur. It does not replace the anti- 





emetic action of antihistamine or phenothiazine drugs 
but it will be effective in the prevention or treatment of 
self-limiting conditions such as nausea and vomiting 
following genera] anaesthesia. Due to its quick onset of 
action, it may suppress vomiting even after retching has 
begun, as long as gastric contents have not reached the 
pharynx; this enables it to be used to reduce nausea and 
vomiting before antiemetic drugs can act and to 
postpone threatened vomiting while patients are being 
transported on trolleys or during various invasive 
procedures when it would be inconvenient or dangerous 
to move them. 

North Tees General Hospital, E.N.S. Fry 
Stockton on Tees, 

Cleveland TS19 8PE 


Aortic Knuckle and tracheal obstraction 


We consider that the reason given in the article by Drs 
Sapsford and Snowdon (Anaesthesia, 1985; 40: 
552-4), for obstruction of the tracheal tube by a 
prominent aortic knuckle is unlikely. The term aortic 
knuckle is the name given to the shadow cast by the 
terminal part of the arch of aorta seen in antero- 
posterior radiographs. The anatomical relations of the 
terminal part of the arch of the aorta (aortic knuckle) 
are such that it lies to the left as well as posterior to the 
trachea.' Hence the aortic knuckle (terminal part of the 
arch of the aorta) is not in direct relationship with the 
trachea and it appears unlikely to be the cause of 
obstruction to a tracheal tube. Even though the arch of 
the aorta is related posteriorly to the trachea, the elastic 
walls of the arch of the aorta would not press upon the 
trachea, which has rigid walls because of its hyaline 
cartilaginous rings and obstruction of the tracheal tube 
would not follow. 


G.S. SARATE 
S.N. SANT 
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A reply 


We would like to thank Drs Sarate and Sant for their 
interest and wish to make the following observations. 

The term ‘aortic knuckle’ or ‘aortic knob’ is a specific 
feature of radiological anatomy and is that part of the 
aortic arch that is seen end on in a frontal chest radio- 
graph.! It lies immediately to the left of the trachea, 
above the main pulmonary artery. Deviation of the 
lower part of the trachea is related to the aorta, becomes 
more marked with age, and is often pronounced when 
there is dilatation of the aorta. 

We note the letter by Drs Martin and Hutchinson? 
also strongly supports the view that the trachea may 
indeed be deformed by the aorta and that this can cause 


obstruction of the tracheal tube. 

Departments of Anaesthesia D.J. SAPSFORD 
and Radiodiagnosis, S.L. SNOWDON 

Royal Liverpool Hospital, G.H. WHITEHOUSE 

P.O. Box 147, 


Liverpool L69 3BX. 
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Anaesthesia in idiopathic autonomic dysfunction 


The case report of Sweeney et al. (Anaesthesia 1985; 40: 
783-6) raises several questions. In cases of idiopathic 
autonomic dysfunction (IAD) with postural hypo- 
tension, there are several treatment regimens to reduce 
the severity of this life threatening complication; the 
mainstays are graded elastic stockings, postural 
training during sleep and 9-fludrocortisone. Pre- 
operative institution of these regimens may or may not 
reduce the incidence of peri-operative hypotension. +? 

Ina patient who has received no maintenance therapy 
for postural hypotension, a severe decrease in blood 
pressure can be anticipated with cardiodepressant 
drugs, intermittent positive pressure ventilation (IPPV), 
posture and hypovolaemia. These problems will usually 
be readily reversed by infusion of fluid or lifting the legs. 
However, these patients have a relatively fixed cardiac 
output with no alteration in pulse rate in response to 
haemodynamic change. This will make the assessment 
of hypovolaemia more difficult and its consequences 
more serious. In view of this, central venous pressure 
(CVP) monitoring can be very helpful as a guide to the 
patient’s blood volume status, allowing anticipation of 
and prevention of the sudden and profound arterial 
pressure falls reported by Sweeney and others.':* 

A further indication for some kind of monitor of 
cardiac filling pressures is illustrated by our case report 
of anaesthesia in a 65-year-old patient with Shy-Drager 
syndrome.’ In this case, complicated by a myocardial 
infarction some 7 years prior to surgery, the patient was 
sensitive to fluid overload and cardiac failure was 
readily precipitated. In view of the possibility of 
impaired left ventricular (LV) function and hence un- 
reliability of CVP measurements in this case, we chose 
to monitor pulmonary artery wedge pressure (PAWP) 
in addition to CVP. After stabilising blood volume prior 
to surgery, controlled ventilation of the lungs and 
muscle paralysis after etomidate; no decrease in arterial 
pressure was recorded. We had no problems with 
respiratory depression postoperatively and can shed no 
further light on the cause of respiratory depression. 

Sweeney ef al. also mention the patient's high 
threshold for painful stimuli and sensitivity to anaes- 
thetic agents. While it is true to say that these patients 
may exhibit haemodynamic sensitivity in response to 
anaesthetic drugs, it is difficult to comment upon their 
pain threshold. Autonomic dysfunction precludes any 
sympathetic response to pain; hence, the fact that their 
patient at no times showed a pressor response or signs 
of increased sympathetic tone in response to stimulation 
does not necessarily indicate lack of perception of pain. 

In conclusion, in the management of a patient with 


IAD undergoing surgery, particularly where blood loss 
may be anticipated, it would seem preferable in an 
elective case to attempt to control the patient’s postural 
hypotension pre-operatively. The anaesthetic technique 
should then attempt to avoid major decreases of blood 
pressure by the use of induction agents without gross 
cardiac effects, careful positioning on the operating 
table and the avoidance of hypovolaemia. Direct 
monitoring of fluid losses, central venous pressure, 
arterial pressure, urine output and peripheral perfusion 
allows anticipation and prevention of severe hypo- 
tension. Monitoring of PAWP may be useful in patients 
with poor LV function. In view of the respiratory 
depression seen in this case report and lack of arterial 
pressure falls with IPPV seen in our report, a technique 
involving IPPV may be appropriate. 

Royal Children’s Hospital, R.C. HUTCHINSON 
Melbourne, 

Victoria, 3052, 
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A reply 


Optimal pre-operative treatment of patients with idio- 
pathic autonomic dysfunction (IAD) should be carried 
out whenever possible. Nevertheless, as our case 
illustrates, patients will continue to present for anaes- 
thesia who are either undiagnosed or who, for whatever 
reason, have not received the appropriate treatment. In 
an emergency, the risks associated with anaesthesia in 
these patients may have to be accepted. 

We agree that central venous pressure (CVP) 
monitoring in these patients does provide some help in 
the assessment of the patient’s blood volume status. 
However, isolated readings of CVP may be misleading 
and trends or the response to repeated fluid challenges 
may be of more value. We feel, however, that the 
measurement of left atrial pressure (LAP) using a 
pulmonary arterial catheter must be questioned. There 
is no doubt that LAP measurement is helpful in certain 
cases, such as the one cited,' of a patient with impair- 
ment of left ventricular function following a myocardial 
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infarction. The benefit to the patient under these cir- 
cumstances will obviously outweigh the risks. However, 
in the otherwise healthy patient, routine insertion of a 
pulmonary artery catheter may be unhelpful. 

It is true to say that autonomic dysfunction precludes 
any sympathetic response to pain and it may therefore 
be true that sensitivity to pain may merely be undetected 
by the conventional observation. Nevertheless, altera- 
tion in pain threshold is a well recognised feature of 
certain other autonomic neuropathies, for example the 
Riley Day syndrome, and it has been postulated that 
these patients may be depleted in substance P.* The 
anaesthetic implications of this for any particular 
patient are, of course, crucial and it would seem that the 


only solution to this dilemma would be to test the 
patient’s sensitivity to pain pre-operatively. 


B. SWEENEY 
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Difficult intubation 


In the light of recent reports on difficult laryngo- 
scopy, !? the following case is interesting. 

A woman aged 57 years who weighed 65.5 kg, was 
scheduled for diagnostic laparoscopy. It was known 
that she had had previous operations including ovarian 
cystectomy and cholecystectomy and there was no 
record of any problems with anaesthesia. Induction was 
with thiopentone 350 mg followed by atracurium 25 mg. 
It proved impossible, after waiting for full relaxation, to 
expose even the tip of the epiglottis, let alone the larynx, 
with an adult blade Macintosh laryngoscope. This 





accords with class 3 difficulty. The patient’s head was 
repositioned on a higher pillow, a long-bladed laryngo- 
scope was used and a malleable introducer was tried. In 
between attempts the patient was kept well oxygenated 
and ventilated with nitrous oxide, oxygen and halo- 
thane. Relaxation seemed adequate, but an additional 
15 mg atracurium was given and, eventually, with the 
aid of a gum elastic bougie, a tracheal tube was passed 
blind. The epiglottis was never seen. 

Postoperative X rays of the cervical spine (Figs | 
and 2) revealed a very small atlanto-occipital space 





Fig. 2. 


(1 mm), a deep mandibular ramus (3.5 cm) and pro- 
truding upper incisors: the combination that suggests 
that difficulty might have been expected.? Application 
of Cormack’s formula.” 


Y = 27.1—12.2x, + 1.3x, 


gives a value for Y of — 14.3. Any negative value for Y 
indicates difficulty, and in this case it is very negative! 

In Fig. 1 it can be seen that there is a degree of 
anterior bowing of the cervical spine even in the neutral 
position; Fig. 2 shows the increased bowing that occurs 
when head extension is attempted, carrying the larynx 
forward, as described by Nichol and Zuck.* 
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Intermittent mandatory ventilation for children 


Intermittent mandatory ventilation (IMV) is commonly 
required to wean children from controlled ventilation 
after cardiac surgery. We have found that using the 
Siemen’s Elema 900B or 900C ventilators, the initial 
step to f/2 in the IMV mode is often not tolerated by the 
patient and a more gradual reduction in frequency is 
necessary. 

The change of ventilator settings in order to wean the 
patient gradually and to impose the same tidal volume 
and inspiratory time is a matter of simple arithmetic, 
but can be tiresome. Furthermore, to retrace one’s steps 
and to attempt to reproduce intermediate points in the 
preceding weaning process from current variables can 


result in inappropriate ventilator settings. 

The following scheme allows values and settings to be 
substituted, which allow close approximation to the 
desired tidal volume and inspiratory time. A computer 
program has been written which will produce an 
individual print-out of the initial Servo settings and 
IMV parameters necessary to decrement support in 5 
breath steps. A copy of the original program can be 
obtained from the first author. 


Killingbeck Hospital, A.D. CREW 
York Road, I.C. GRANT 
Leeds LS14 6UQ M. WARD 


Table 1. Example print-out 





Inspiratory time (IT) 














Rate Minute volume Tidal volume (insp % + pause %) x 60/ End expiratory pressure 
(RR) (MV) litres (TV) ml (RR x 100) seconds (PEEP) kPa 
30 3.0 litres 100 ml (25% + 10%) 0.7 + 0.5 
Set 
Desired Set Set Rate (SR) Set minute volume Total insp % Set Set PEEP 
rate (DR) F DR x F SR x TV (L) IT x SR x 100/60 insp % pause kPa 
25 F/2 50 5.0 58% 33 20 0.5 
20 F/2 40 4.0 47% 33 15 0.5 
15 F/2 30 3.0 35% 25 10 0.5 
10 F/2 20 2.0 23% 20 5 0.5 
6 F/5 30 3.0 35% 25 10 0.5 





Continuous infusion with vascular monitoring 


The report of the problem encountered by Drs Ryan 
and Wise (Anaesthesia, 1985; 40: 1134-5), when 
parenteral feed was found to be backing up through the 
central venous pressure (CVP) transducer and in danger 
of being infused arterially was interesting. We are all 
party to a variety of complicated plumbing exercises 
from time to time in our patients in intensive care units, 


and it may be that this problem occurs more often 
than we realise; one result might be of inappropriate 
response to certain drugs due to the infusion travel- 
ling along the wrong tube in the wrong direction. 
Might I recommend one possible solution to the 
problem, namely that we should use one of the 
commercial multiple lumen catheters. These are 
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inserted in the usual way over a guide wire, with no 
more difficulty than most other venous catheters. One 
lumen can then be used exclusively for continuous 
online CVP monitoring and the others for fluid 
infusions, parenteral nutrition, or drug infusions. Some 
plumbing may still be required, but similar infusion 
devices can be grouped together as appropriate through 


a lumen separate to that used for the CVP monitoring. 


Department of Anaesthesia, B.J. POLLARD 
Manchester Royal Infirmary, 
Oxford Road, 


Manchester M13 9WL 


Vecuronium in the myasthenic patient 


We were interested to read the article on this subject by 
Hunter et al. (Anaesthesia 1985; 40: 848) because we 
have recently used vecuronium in five myasthenic 
patients undergoing transcervical thymectomy (the 
operation presumably undergone by their six patients). 
We would like to make several comments on their 
report. 

Hunter states that muscle relaxants ‘are usually 
required only in upper abdominal and thoracic 
procedures’, and that all patients were intubated 
‘without difficulty’, 90 seconds after administra- 
tion of vecuronium 0.02 or 0.04 mg/kg intravenously. 
However, in a previous report by one of Hunter’s 
group,' 22 myasthenic patients successfully underwent 
transcervical thymectomy without use of either muscle 
relaxants or potent inhalational agents; anaesthesia was 
achieved with Althesin or etomidate, and fentanyl, and 
all patients were intubated within 3 minutes of the 
completion of induction. The muscle relaxation require- 
ment for this surgical procedure would therefore seem 
to be controversial. In our experience, relaxation con- 
siderably facilitates both tracheal intubation and 
surgical access for this procedure. 

In regard to vecuronium dosage, whereas Hunter 
found that two-fifths of the normal (intubating) dose 
(0.04 mg/kg) produced a Tl/control ratio of 20%, 
in our patients we found that this effect was pro- 
duced by only 0.011 mg/kg (range 0.003-0.020). 
Furthermore, the mean total dose of vecuronium in 
our patients was 0.03 mg/kg as compared to the 
0.104 mg/kg which we have calculated from the data 
reported by Hunter et al. in their Table 2. 

The difference in sensitivities may not be quite so 
great, however, since we believe that there are errors in 
Hunter’s Table 2. This reports ‘incremental dosage 


(u/kg) as 0.4 and 0.8, yet the summary and text report 
4 g/kg (patients 1 and 2), and double this (8 pg/kg in 
patients 3—6). The ‘total doses of vecuronium (mg/kg) 
in Table 2 would also seem to be in error. Thus, 
according to the text, patient 2 received an initial 
dose of 0.02 mg/kg, followed by 9 doses of 4 pg/kg, 
giving a total dose of 0.056 mg/kg, rather than the 
0.1 mg/kg stated in the table. Similar errors exist in 
patients 3-6 in Table 2; only patient | is reported 
correctly. We have recalculated the total dosages for 
Hunter’s patients based upon the text and the number 
of incremental doses given. The results are shown in our 
Table 1. The mean total dose of vecuronium in Hunter's 
patients was 0.076 mg/kg. 

Like their patients, ours were also clinical class -IIB 
by the Osserman and Genkins classification,’ pyrido- 
stigmine had been withheld on the morning of surgery 
and no potent inhaled agents were used. Are myas- 
thenic patients in New York more sensitive to non- 
depolarising muscle relaxants than those in the UK? A 
transatlantic difference in curare sensitivities has been 
described among normal patients.* A species difference 
cannot be totally ruled out! None of our patients, 
however, was receiving therapy with azathioprine or 
prednisolone. In the series of five patients who received 
atracurium,* only one was reported as receiving these 
immunosuppressant drugs. It is therefore quite likely 
that the relative resistance to vecuronium suggested in 
Hunter’s patients was related to their existing drug 
therapy. This might be worthy of further study, both in 
myasthenic and in normal patients. 

One of the features offered by the intermediate acting 
non-depolarising relaxants, vecuronium and atra- 
curium, is that reversal may not always be necessary. 
This is particularly advantageous in myasthenics, where 


Table 1. Racalculation of total dose of vecuronium for Hunter et al’s patients (Hunter, Table 2) 





Incremental Total of Total 
Initial dose dose Number increments dose 

Patient (ug/kg) (ug/kg) given (ug) (mg/kg) 
l 20 4 20 80 0.100 
2 20 4 9 36 0.056 
3 40 8 7 56 0.096 
4 40 8 6 48 0.088 
5 40 8 2 16 0.056 
6 40 8 3 24 0.064 
Mean 0.076 


an overdose of anticholinesterase may increase weak- 
ness by producing a cholinergic crisis.* In this respect, 
we believe that the use of two doses of neostigmine 
2.5 mg, given intravenously 5 minutes apart, may cause 
problems. Thus, | mg intravenous neostigmine, 4 mg 
intravenous and 120 mg oral pyridostigmine are 
equivalent dosages of anticholinesterase.° The neo- 
stigmine 5 mg which was given intravenously is there- 
fore equivalent to pyridostigmine 600 mg orally, yet the 
average total daily dosage of pyridostigmine in Hunter's 
patients was only 327.3 mg! 

Titration of anticholinesterase would seem to be 
more appropriate and Foldes has recommended 
pyridostigmine intravenously in | mg increments.® 
Admittedly, Hunter et al. gave 2.5 mg neostigmine 
intravenously, followed 5 minutes later by a further 2.5 
mg. However, Miller et al.” have shown that the mean 
time from administration of intravenous neostigmine 
1.8 mg/sq m to peak antagonism of relaxation was 7.1 
minutes. Thus, adequate time did not elapse to assess 
the maximum effect of neostigmine. Reference to Fig. 
3 in Hunter’s paper indicates that the second dose of 
neostigmine 2.5 mg did not further increase twitch or 
fade ratios and potentially may have precipitated a 
cholinergic crisis. Edrophonium now might well be the 
agent of choice for reversing residual curarisation, 
because its time from onset to peak effect is the least of 
all of the anticholinesterases, making careful titration of 
dose against effect that much easier. 

We agree with Hunter et al., that even when the 
disease is to some degree under contro! with therapy, 
myasthenic patients appear to remain sensitive to the 
effects of the competitive relaxants. Indeed, one of us 
(JBE) has observed an increased sensitivity to atra- 
curium in a myasthenic patient in true remission; this 
patient was asymptomatic and off all therapy for 3 years 
at the time the relaxant was administered. 

In conclusion, many different approaches to the 
anaesthetic management of the myasthenic patient have 
been advocated and all have their place. In our 
experience, provided that there is careful titration of 
dose against mechanomyographic (twitch) or in- 
tegrated electromyographic monitoring of response, all 
competitive neuromuscular blockers can be safely used 
in patients with myasthenia gravis. 


J.B. EISENKRAFT 
R.K. SAWHNEY 
A.E. PAPATESTAS 


Department of Anesthesiology, 
The Mount Sinai Medical Center, 
New York, 

NY 10029, USA 
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A reply 


We are grateful to Drs Eisenkraft, Sawhney and 
Papatestas for pointing out the arithmetical errors in 
Table 2 of our paper; the revised figures given in 
Table 1 of their letter are indeed correct, as indeed are 
those in our summary. 

We did not suggest in our paper that a muscle 
relaxant was essential for cervical thymectomy. This 
group of myasthenic patients was only a suitable 
pool for study. In about 30% of the myasthenic 
patients in this centre having thymectomy, however, the 
cervical incision is extended to a sternotomy; use of a 
muscle relaxant drug may well then be an advantage. 

We have always felt that there is a wide spectrum of 
disease in myasthenia gravis and in any study where the 
number of patients is small, which is almost inevitable 
in such an uncommon disease, there will be a definite 
variation between patients. This variation will also be 
manifest when the results from different studies are 
combined and surely this factor, rather than a trans- 
atlantic difference, is the cause of the slight variation in 
dose requirements of muscle relaxants between the two 
studies. Neostigmine 2.5 mg would no doubt have 
produced sufficient reversal of residual neuromuscular 
blockade in our study, but we saw no evidence what- 
soever of the suggested cholinergic effects from neo- 
stigmine 5 mg. 

We feel that the important point in the use of both 
atracurium and vecuronium in myasthenia gravis is that 
very manageable, albeit reduced, doses of these two 
newer agents can be used much more effectively than 
the more conventional relaxants if neuromuscular 
monitoring is employed throughout anaesthesia. 
University Department JENNIFER M. HUNTER ® 

of Anaesthesia, 

Royal Liverpool Hospital, 
PO Box 147 
Liverpool L69 3BX 
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Malignant hyperpyrexia susceptibility and childbirth 


This is an account of the anaesthetic management, 
during the perinatal period, of a patient susceptible to 
malignant hyperpyrexia (MH). This had been diag- 
nosed on muscle biopsy following a reaction during 
anaesthesia when she was 7 years old. She was booked 
for delivery in this unit in her first pregnancy aged 
17 years. 

Normal pregnancy and labour have not been 
reported to trigger MH and it was therefore planned to 
manage labour under epidural analgesia, which could 
be extended for instrumental or operative delivery if 
necessary. If general anaesthesia were needed, a safe 
technique using thiopentone, nitrous oxide, oxygen 
fentanyl and vecuronium was planned, administered via 
a vapour-free system and an automatic ventilator. 
Vecuronium was chosen because it has a rapid onset 
and short duration of action, which would facilitate 
rapid intubation and avoid the need for atropine and 
neostigmine at the end of surgery. 

She presented with a history of contractions at 38 
weeks of gestation. Her cervix was dilated | cm and the 
membranes were intact. She was not initially thought to 
be in established labour and was given intramuscular 
pethidine 75 mg for pain relief. Ninety minutes later 
the contractions were regular and the cervix was 
dilated to 2 cm. Epidural analgesia was established 
using 0.5% plain bupivacaine. 

The pulse, arterial pressure and axillary temperature 
were measured hourly. The patient was not anaes- 
thetised, so more invasive monitoring was not con- 
sidered necessary because symptoms of respiratory 
distress would indicate the onset of MH to the writer, 
who was present throughout. Dantrolene, although 
readily available, was not given prophylactically. 

Labour progressed uneventfully, except for a steady 


rise in temperature to 38.6°C approximately 5 hours 
after the epidural was established, when fetal distress 
was diagnosed and she had a forceps delivery of a 
3.96 kg infant (Apgar score 9 at | minute). Throughout 
labour and delivery she remained pain-free and on 
direct questioning had no symptoms attributable to a 
high level of metabolic activity. Her pulse remained 
between 85 and 100 beats/minute and her arterial blood 
pressure was stable between 130/70 and 100/60 mmHg. 

No cause for the pyrexia was found on clinical 
examination but blood cultures were taken and, al- 
though subsequently no organisms were isolated, intra- 
venous ampicillin was started. Arterial blood gas 
analysis showed no hypoxia or metabolic acidosis. The 
results (on air) were pH 7.395, Paco, 4.3 kPa, Pao, 
13.4 kPa, base excess — 5.2 and standard bicarbonate 
19.6 mMol/litre. These values were not compatible with 
the diagnosis of MH and she was observed in the labour 
suite for a further 8 hours. Her temperature fell steadily 
to normal by the Sth day postnatally and she suffered 
no symptoms except transient dysuria on day 3, but 
repeated urine culture produced no growth. « 

The successful outcome of this case illustrates the 
importance of prior knowledge of the diagnosis sc that 
appropriate precautions may be taken. A protocol for 
the management of this rare condition has now been 
established in this unit. The relevance of simple clinical 
monitoring is emphasised in the management of this 
patient. This was considered safe as signs of an 
impending attack of MH would not have been masked 
by general anaesthesia. 


Liverpool Maternity Hospital, D.J.A. ROSE 


Liverpool L7 7BN 


Unusual cause of obstructed airway in a child 


A 7-year-old girl with mild cerebral palsy presented for 
elongation of her Achilles tendon. Following an 
intravenous induction of anaesthesia with thiopentone 
it was obvious that her airway was difficult to maintain, 
and so, a size 2 Guedel style single use airway manufac- 
tured by Portex Ltd, was inserted; total respiratory 
eobstruction resulted. This was partially relieved when 
the artificial airway was removed. The anaesthetic was 
deepened and after a few minutes the airway was re- 
inserted, resulting once again in total obstruction. 
Removal again resulted in a partial return of breath 
sounds. The artificial airway appeared to be normal, 
but it was decided to insert a second one and this 


resulted in complete relief of the obstruction. 

The first airway was re-examined more closely and 
Fig. | shows the cause of the obstruction. A fine plastic 
film was tightly stretched, investing its end, so as to be 
all but invisible without very close inspection. The 
origin of this film became obvious when the nurse. who 
opened the plastic bag which contained the airway, 
demonstrated her technique. As can be seen in Fig. 2 she 
used the sharp end of the airway to break it open with 
the result that the plastic stretched until it became very 
fine, rather like the film used for wrapping food. 

This is a rare complication of using oropharyngeal 
airways, but the author has noted others using a similar 
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Fig. 1. 


technique to open the plastic pouches and so there is a 
danger that it may be repeated. The recommended 
method of opening Portex oropharyngeal airways in 
plastic pouches is to use scissors. 


Fig. 2. 


Royal Hospital for Sick Children, L.R. MCNICOL 
Yorkhill, 


Glasgow G3 8SJ 


Transdermal glyceryl trinitrate 


The recent article on the use of transdermal hyoscine 
(Anaesthesia 1986; 41: 16-20) was interesting. This is a 
report of our use of transdermal glyceryl trinitrate as a 
mild vasodilator in elderly patients. 

The first time it was suggested for use was in a rather 
frail, elderly female patient who was being assessed 
some 12 hours after an emergency laparotomy. She was 
considered to have received an adequate fluid replace- 
ment and had a stable pulse and arterial blood pressure 
since her operation, but intense peripheral vasoconstric- 
tion was still evident, with coldness of both legs which 
extended to mid-thigh level. Fluid challenge or 
traditional intravenous vasodilation both seemed some- 
thing of a threat to this frail patient, and it was con- 
sidered that perhaps transdermal glyceryl trinitrate 
should be tried, with the thought that it might also offer 
a beneficial cardiac effect at the same time. Both legs 
became pink and warm to the tips of the toes within 
three quarters of an hour. 

Another impressive anecdote was that of an 
octogenarian who had undergone elective repair of a 
very large abdominal aortic aneurysm. The morning 


after his operation he was being treated with a renal- 
dose dopamine infusion to maintain urine function and 
although his general state was considered reasonable, 
there was some concern about the poor perfusion of the 
ankles and feet. Both feet rapidly became pink and 
warm after transdermal glyceryl trinitrate was started. 
Over the next few days he made steady progress until the 
third postoperative day when the feet were again cold 
and clammy. He was still on a very small dose of 
dopamine and neither clinical assessment nor the fluid 
balance chart gave any indication as to why the change 
had occurred. After a couple of hours of niggling 
frustration the glyceryl trinitrate skin patch was 
examined. It transpired that the nurse who changed the 
patch about 4 hours beforehand had omitted to remove . 
the protective backing on the patch so that no drug was 
being administered. Hasty correction of this embar- 
rassing situation restored the toes to a satisfying state 
of reassuring warm pinkness. 

In the 18 months we have been using transdermal 
glyceryl trinitrate as a mild vasodilator in the elderly, we - 
have seen no side effects. We use the ‘Transiderm-Nitro 
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5° singly and change the patches every 24 to 36 hours. 
Our experience, though admittedly entirely anecdotal, 
is that this agent used in the way described deserves 
consideration for more widespread use. 


Clatterbridge Hospital, P. CHARTERS 
Clatterbridge Road, 
Bebington, 


Merseyside L63 4JY 


Overdose of intrathecal morphine 


This is a report of about four patients who had 
orthopaedic operations under spinal anaesthesia 
(Liz with 5% lignocaine and 0.15 grams morphine. 
The first patient was a 90-year-old lady with a 
femoral fracture. She also suffered from Parkinson's 
disease and chronic heart failure. The second patient 
was an 82-year-old lady with a femoral fracture, hyper- 
tension and chronic heart failure. The third patient was 
a 61-year-old man with a fractured patella, hyper- 
tension and previous history of cerebrovascular 
accidents. The fourth patient was a 78-year-old man 
with a femoral fracture and hypertension. 

One and a half hours after surgery they developed 
drowsiness, apnoea, central cyanosis without cardio- 
vascular effects. Tracheal intubation was performed 


and automatic ventilation of the lungs instituted. 
Nalorphine was administered and automatic ventila- 
tion was withdrawn 24 hours later without respiratory, 
cardiovascular or neurological complications. 

Intrathecal morphine (2 mg) is used as a postoperative 
analgesic drug and in these cases 15 mg was given 
instead of 1.5 mg. This was due to an error in the 
dilution. No permanent harm occurred to the patients 
who were without pain for 4 days postoperatively; this 
helped in their mobilisation and their early discharge 
from hospital. 


46 AG Fanouriou, 
116 33 Athens, 
Greece 
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Distress caused by urethral catheters 


For many years the pain and distress caused to patients 
by indwelling urethral catheters has been either ignored 
or inappropriately treated. 

Commonly, the degree of postoperative analgesia 
required to obtund surgical pain is sufficient to relieve 
the discomfort of an indwelling catheter. However, 
some patients requiring catheters have no surgical pain, 
and in others the catheter is often a more potent source 
of pain and suffering than the surgery itself. In the past, 
this pain may have been ignored completely as un- 
important or treated by systemic analgesia of one sort 
or another; neither of these solutions is appropriate. 

For the last year or so, I have been using a simple 
remedy with a high degree of success and patient 
gratitude; 30 ml of 0.25% plain bupivacaine is in- 
stilled up the catheter (ideally with the patient in a 
sitting or semi-recumbent position) and the catheter 
clamped for about 20 minutes. This allows the local 
anaesthetic to settle in the area of the sensitive trigone 
under the catheter balloon and produces rapid, 


An airtight seal between 


There is an alternative method to achieve the same 
result as that suggested by Drs Lawes and Murrell 
(Anaesthesia 1985; 40: 1142) in which your readers may 

- be interested. 
Water soluble gel is squeezed from a tube onto the 


prolonged pain relief. There may be some instances 
where bladder irrigation must be continued at all times 
and in these cases the method may be inappropriate. 
The risk of systemic absorption of the drug must be 
minimal (unless there are open venous sinuses) and the 
avoidance of unnecessary systemic analgesics is a real 
advantage. Early mobility can be accomplished in 
comfort. 

Interestingly, repeat doses have rarely been necessary 
over a 24-48 hour period, since a single dose seemingly 
offers prolonged relief. This technique has not to my 
knowledge been reported before and I should be 
interested to read other views. It has seemed to me safe, 
simple and rewarding. 


Department of Anaesthetics, M.B. COATES 
Plymouth General Hospital, 
Plymouth, 


Devon 


facemask and beard 


patients’ beard in a V-shape after induction of anaes- 
thesia. The apex of the V should be on the chin and each 
limb of the V should extend towards an angle of the 
mouth, thus covering the beard where the rim of the 
facemask will be applied. Next, the gel is covered by two 
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With Tracrium there are no 
cumulative effects with supplemental 
dosing, so the pattern of block and 
recovery remains consistent, regardless 
of the number of doses given. 

Surgical muscle relaxation can 
therefore be conveniently extended at 
a uniform level for as long as required, 
simply by repeated incremental bolus 
doses given at predictable clock-timed 
intervals or by continuous i.v. infusion. 

The rate of recovery remains just as 
rapid as that seen after administration 
of a single bolus dose, so reversal can 
be promptly and easily achieved 
whatever the duration of the operation- 
regardless of the patient's age and 
hepatic, renal and circulatory status. 

All of which adds up to an unusual 
degree of versatility. 

That's why more and more 
anaesthetists are using 
Tracrium routinely, in 
procedures of widely 
differing type and length, 
from laparoscopy to 
open-heart surgery. Wellcome 
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Uses Tracrium is a highly selective. competitive (non-depolarising) 
muscle relaxant for use in a wide range of surgical procedures and to 
facilitate control of respiration. Tracrium is highly suitable for 
endotracheal intubation, especially where subsequent relaxation is 
required. 

Dosage and administration 

Intravenous injection: Adults and children over | year: 0.3-0.6 mg/kg 
depending on the duration of block required: this will provide 
relaxation for about 15-35 minutes. Tracrium may be used at standard 
dosage in elderly patients and in those with respiratory, hepatic or renal 
failure. Full block can be prolonged with supplementary doses of 0.1-0.2 
mg/kg as required. Successive supplementary dosing does not give rise 
to cumulation. Endotracheal intubation can usually be accomplished 
within 90 seconds of intravenous injection of 0.5-0.6 mg/kg The 
neuromuscular block produced by Tracrium can be rapidly and 
permanently reversed by standard doses of neostigmine which should 
be preceded by the administration of atropine. Recovery from full block 
without the use of neostigmine occurs in about 35 minutes. 
Continuous infusion: Tracrium is suitable for administration by 
continuous infusion at rates of 0.005-0.01 mg/kg/minute (0.3-0.6 mg/kg 
hour) to maintain neuromuscular block during long surgical 
procedures. Tracrium maintains acceptable physical and chemical 
stability in daylight at concentrations of between 0.5 and 0.9 mg/ml at 
30°C for up to: 4 hours in: Compound Sodium Lactate Intravenous 
Infusion B.P.: 8 hours in: Ringer's Injection U.S.P.; Glucose Intravenous 
Infusion B.P. 5% w/v; Sodium Chloride 0.18% w/v and Glucose 
Intravenous Infusion B.P. 4% w/v and up to 24 hours in: Sodium 
Chloride Intravenous Infusion B.P. Tracrium can be administered by 
infusion during cardiopulmonary bypass surgery, at the recommended 
infusion rate. Induced hypothermia to a body temperature of 25 to 26°C 
reduces the rate of inactivation of atracurium, therefore full 
neuromuscular block may be maintained by approximately half the 
original infusion rate at these temperatures 

Contra-indications, warnings, etc. Contra-indicated in patients 
hypersensitive to atracurium besylate. Tracrium should be used with 
caution in patients receiving aminoglycosides or polypeptide antibiotics 
and in patients with myasthenia gravis. In common with all other 
neuromuscular blocking agents, adequate facilities must be available 
for endotracheal intubation and artificial ventilation. The 
neuromuscular block produced by Tracrium may be increased by the 
concomitant use of inhalational anaesthetics such as halothane. 
Tracrium should not be mixed in the same syringe with any other agent: 
in particular it must not be mixed with thiopentone or any alkaline 
agent, as the high pH would cause inactivation of the Tracrium. As with 
all other neuromuscular blocking agents the possibility of transient 
hypotension due to histamine release cannot be excluded. Although 
animal studies have indicated that Tracrium has no adverse effects on 
foetal development, nevertheless, like all neuromuscular blocking 
agents, it should be used with caution in pregnant women Tracrium 
may be used to maintain neuromuscular relaxation in Caesarean 
section as atracurium does not cross the placenta in clinically 
significant amounts. 

Presentation Tracrium injection contains 10 mg per ml atracurium 
besylate. Two ampoule sizes, 2.5 ml and 5 ml. are available. 

Basic NHS costs £6.50 for a box of 5 x 2.5 ml 

ampoules. £12.50 for a box of 5 x 5 ml ampoules. 

(PL3/0166). 


Further information is available on request 


Calmic Medical Division 
The Wellcome Foundation Ltd 
Crewe, Cheshire 


Wellcome 


TRACRIUM 


Atracurium besylate 


- = CALMIC MEDICAL 
DIVISION 








xviii 


ACADEMIC 


@ PRESS ® 


publishes books and journals 
in many areas of Science 
including: 


Acoustics, Agriculture, 
Anatomy, Anthropology, 
Archaeology, Audiology 


Biochemistry, Biology, Botany 


Cancer research, Cardiology, 
Chemistry, Computer science 


Economics, Engineering, 
Environmental science 


Food Science 
Geography, Geology 
Immunology 


Materials technology, 
Mathematics, Microbiology 


Neuroscience, Nutrition 
Oncology, Ornithology 


Pathology, Pharmacology, 
Physics, Physiology, 
Psychiatry, Psychology 


Religion 


Sociology, Speech, Surgery 


Toxicology 
Virology 
Zoology 


BOOKS AND 
JOURNALS 


24-28 Oval Road, London NWI 7DX, U.K. 
Orlando, FL 32887, USA. 





longitudinally folded gauze swabs and the facemask 
applied and fixed in the usual way. The gel softens and 
spreads amongst the facial hair and the fibres of the 
swabs, forming a gastight seal between the mask and the 
skin; at the end of the procedure it is removed with a 
clean swab. 

The technique has the advantage of using materials 
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available in every anaesthetic room and is very simple 
to apply. Furthermore, it is very cheap since several 
patients can be treated from one tube of gel. 

Nuffield Department of Anaesthetics, A.J. MORTIMER 
The Radcliffe Infirmary, 

Oxford OX2 6HE 


Alarming disconnexions 


Dr Sury and colleagues (Anaesthesia 1986; 41: 91) have 
recently suggested for the Servo ventilator 900 series the 
universal adoption of a mechanical stop which prevents 
the lower expired minute volume alarm from being set 
to zero. This modification has clearly proved satis- 
factory to Dr Sury’s department, and has much to 
commend it, but from discussion with other anaes- 
thetists there may be those who would in certain 
circumstances find the deliberate inflexibility of the stop 
a sufficient restriction to forgo its adoption. 

There is a flexible method of dissuasion of un- 
authorised staff not only from turning the lower limit 
of the expired minute volume alarm to zero, but also 
from adjusting any of the facia controls on the Servo 
900 series. This takes the form of a lightweight, but 
sturdy transparent plastic cover that hangs in front of 
the controls, leaving them fully visible. It is suspended 
by two simple and robust hook-like hinges easily 
located at the top corners of the face of the ventilator. 
When necessary, it may be instantly lifted up or 
completely removed for access to the panel since there 
are no locking catches. The cover restricts direct access 


to all the facia controls other than the mute switch and 
minute volume control for which holes are cut. It thus 
provides an effective, transparent ‘No Entry’ sign that 
reminds prying hands of local policy as to who may and 
who may not alter the controls; when removed it leaves 
the controls themselves unmodified. 

Dr Sury rightly drew attention to the limitations of 
the flashing light found on the Servo 900C and 900D 
models, which is activated when the lower limit alarm 
is set to zero, but it was perhaps not made clear that this 
facility is not available on the 900 and 900B models. 

Inevitably, the priorities of those responsible for 
equipment policy are various; in addition, the Servo is 
often put to use in several environments. This modifica- 
tion, which may be made locally, and has for some time 
been available from Siemens, should appeal to many 
departments. Messrs Siemens Ltd would be happy to 
supply the appropriate details. 
Department of Anaesthetics, C.M.S. COOPER 
Royal Hallamshire Hospital, 

Sheffield S10 2RX 


The price of safety—cash too? 


A recent report on breathing attachments! includes the 
following statement. 

‘Worldwide, the growing number of reports of 
breathing system disconnections, and misconnections 
has aroused widespread concern over these avoidable 
incidents. The problem of disconnection is certainly 
greater than is reported, and probably much greater 
than imagined. Although the majority may cause no 
harm to the patient, the results could and have been, in 
some instances, disastrous.” 

The report, in its final recommendations, then misses 
the opportunity to support strongly the concept of re- 
designing breathing connexions, and instead recom- 
mends close adherence to BS3849 (plug-fit), admittedly 
a stop-gap for the moment, and suggests that ‘Con- 
sideration should be given to the routine use of alarms 
to indicate accidental disconnection or over-pressure 
in the breathing system’. 

A number of points deserve consideration in this 
context. Unless and until the routine use of an alarm 


which conforms to an approved pattern becomes 
medicolegally mandatory, patients will continue to die 
from accidental and unnoticed disconnection. Anyway, 
alarms, too, have their problems! 

It is impossible to believe that any self-respecting 
engineer would accept our primitive and dangerous 
plug-fit connexions for a vital part of his equipment, 
any more than an electrician would accept the standard 
laryngoscope blade contact! 

Should the Association of Anaesthetists of Great 
Britain and Ireland in this country consider its official 
attitude in this context? One of our Defence organisa- 
tions tells me its view must reflect that of our specialty, 
since there is no Statute here. D 

One manufacturer has produced a safety connéctor, 
but it is only suitable for the Y-piece. Others, including 
myself, have designed different safety connexions for 
specific situations. 

Surely some enterprising manufacturer, recognising 
its market potential, could produce a device which 
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would permit immediate conversion of existing 
equipment, or most of it, to a safe pattern. Of course, 
experience in trying to introduce new ideas suggests it 
will not be a British company! The familiar domestic 
vacuum cleaner hose connexion already gives one tested 
approach. The Department of Health has made 
scavenging systems for anaesthetic gases compulsory, 
for the health of medical and other staff. How about 
something now for the patient? As Benjamin Franklin 
puts it ‘would you persuade, speak of interest, not of 


reason’. Litigation can be very expensive! 
National Heart Hospital, A. GILSTON 
Westmoreland Street, 

London WIM 8BA 
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Design of castors of anaesthetic machines 


Scrutiny of the fault histories of anaesthetic machines 
in this Region shows that a substantial percentage of 
faults involve the castors. These range from simple 
problems, such as the wheels jamming, to catastrophic 
collapse of the castor, resulting in serious damage to 
equipment. In the latter case, the possibilities of injury 
to staff and adverse effects to patients are obvious, so we 
investigated castor loading on a number of machines. 

The calculated load on each castor in the case of an 
anaesthetic machine carrying only medical gas cylinders 
and anaesthetic accessories, and assuming even weight 
distribution, is usually around the manufacturer's 
design limit. When monitoring gear is added, the cal- 
culated loading can exceed this limit. For example, a 
typical weight of a Boyle’s 2000 with a modest amount 
of monitoring equipment gives a load of 50 kg per castor 
against a design load of 45 kg for light duty applications 
of that castor. 

In reality, the total weight of the machine will 
generally be distributed unevenly between the castors. 
This is caused by unavoidable manufacturing in- 
accuracies in the frame and also by uneven floor 
surfaces. The load is mainly taken by three castors in the 
case of a rigid frame and a hard floor. However, two 
diagonally opposed castors may take the bulk of the 
load with only a smal fraction taken by the third. 

This applies even if all four castors seem to be making 


good contact with the floor. Thus, our measurements 
show that, in most cases, there is a significantly uneven 
weight distribution resulting in two of the four castors 
being loaded well beyond their design limit, even in the 
absence of monitoring equipment. 

We think it important for medical equipment 
manufacturers to take this into account and specify 
castors accordingly. We suggest that the following 
formulae be used. Take the weight of the anaesthetic 
machine and add 40 kg for monitoring equipment if a 
shelf is provided on the machine. Multiply this value by 
1.2 to take account of the modestly heavy duty cycle to 
which these castors are exposed. Divide this value by 
three to arrive at a minimum design load for selecting 
suitable castors. 

It is important that anaesthetists are aware of the 
loading limitations of machines currently on the market 
so that accidents may be avoided and manufacturers 
should also take the action described, so that we can be 
assured that this equipment is entirely suitable for its 


purpose. 


A.J. MUNLEY 
A. SHAW 


Department of Clinical Physics 
and Bioengineering 

11 West Graham Street, 

Glasgow G4 9LF 


High halothane concentrations from reversed flow in a vaporizer 


Reversed flow through a vaporizer such as an Ohmeda 
Mark III Fluotec produces higher halothane con- 
centrations than indicated on the dial (Table 1). In 
principle, it should not be possible for a back bar- 
mounted vaporizer to be connected such that the gas 
flows in the reverse direction. However, we report on one 
such occurrence which was due to back bar mis- 
connexion after repair. 

The anaesthetic machine was an Ohmeda Boyle’s M 
with a Selectatec back bar. This back bar can ac- 
commodate two Selectatec vaporizers, with a switch 
provided to select either vaporizer. The Ohmeda service 


engineer replaced this switch after damage and in 
the course of reconnecting the pipe work, reversed the 
gas flow to the vaporizers. This machine was in service 
for approximately one month when a medical physics 
technician, undertaking a routine check, noticed high 
vaporizer readings on the Riken interferometer. 
Subsequently, the problem was resolved by the Ohmeda 
service engineer. 

This incident raises a number of points. This error 
allowed high concentrations of halothane to be 
produced, which is potentially hazardous. None of the 
checks used by Ohmeda (or any other manufacturer's 


r. 
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Table 1. Output concentration of halothane when vaporizer flow (0,, 5 litres/minute) reversed 


Setting of vaporizer (%) 1s 2 


1 ; 
Reading on Riken interferometer 2.42 3.36 4.24 j i 
3] 


service agent) detects the halothane concentration and 
medical physics technicians do not routinely check 
machines after service visits. The problem was not 
noticed clinically, which reflects the fact that anaes- 
thetists look at patients rather than dials. The anaes- 
thetic machine in question was being used for main- 
tenance of anaesthesia in the gynaecology theatre, 
where low concentrations of volatile agents were 
administered to mostly young, fit, adult patients via a 
Mapleson A system or Blease Manley ventilator. Had 
the machine been used in other circumstances, the 
problems of overdosage and prolonged recovery from 


anaesthesia might have become apparent, particularly 
after prolonged administration. 

We therefore recommend that this type of back bar 
be replaced and that change-over switches, whether for 
anaesthetic agents or for gas outlets, be avoided. 


R. RAILTON 
M.D. INGLIS 


Department of Medical Physics, 
Department of Anaesthetics, 
Monklands District General Hospital, 
Monkscourt Avenue, 

Airdrie ML6 OJS 


Hazardous tracheal tube pilot balloons 


Tracheal tube cuffs are routinely tested by the injection 
of an arbitrary volume of air into the cuff in vitro, and 
demonstration of its continued distension over a period 
of time. It is now well recognised that the pressure in a 
cuff in vivo increases gradually as nitrous oxide diffuses 
into the cuff. Prandt! has suggested that cuff pressure is 
limited by configurational changes in the cuff or the 
pilot balloon, depending which one has the greater 
compliance, and states that, in nearly all tubes, the cuff 
will have the greater compliance. 

New tracheal tubes (Leyland, Magill red rubber 
8.0 mm I.D.) were tested in the manner described and 
were subsequently found suddenly to lose their seal 
in vivo, with aneurysmal change in the pilot balloon and 
obvious clinical risk. This happened some time after the 
operation had begun; presumably the increase in 
pressure due to nitrous oxide diffusion caused the pilot 
balloons to stretch to such a degree that their com- 
pliance rose sufficiently to allow the cuffs to empty into 
them (analogous to Laplace's law). 

Testing of the faulty tubes showed that in vitro a 
12-ml inflation of the cuff system caused no problems. 
However, when the cuff was put into a mock trachea 
(20-ml syringe barrel with a 20-mm diameter), the initial 
cuff inflation was normal but 12 ml caused sudden 
distension of the pilot balloon and emptying of the cuff. 

This sudden cuff emptying occurred at 24 kPa and 
29 kPa for two cuffs when measured via a three- 
way tap with a Druck DPI 100 pressure monitor, These 
are intracuff pressures which would be reached in 
normal clinical use of Magill tubes.? 


Nine other tracheal tubes from the batches of the 
above tubes, tested in the same way, emptied their cuffs 
at an average of 65 kPa (range 51-85 kPa), well outside 
clinical range, and with variable loss of their seal. In 
addition, this required the unnatural injection volume 
of 33.8 ml (average 33.8 ml; range 22-40 ml) from a 
50-ml syringe with admitted inaccuracy due to 
compression of air in the syringe. The emptying 
pressures were consistently lower when tested a second 
time. Presumably, stretching the pilot balloons once 
increased their compliance. 

These serious effects may be expected in old tubes, 
with perished rubber in the pilot balloon. The two tubes 
shown were new, and the matter has been brought to the 
attention of the supplier. 

It is suggested that this serious problem might be 
prevented if cuffs were routinely tested inside a mock 
trachea, with a slightly larger than normal volume of 
air, to simulate the rise in pressure achieved in vivo. 
Department of Anaesthetics, I.H. HERREMA 
Royal Hallamshire Hospital, 

Glossop Road, 
Sheffield 10 
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Disconnexion within an anaesthetic machine 


We report on a noisy and potentially serious problem 
that occurred using a Boyle anaesthetic machine Model 
M. 

A fit patient recently had a surgical procedure in the 
lithotomy position. Anaesthesia included tracheal 
intubation and automatic intermittent positive pressure 
ventilation of the lungs with the Penlon Oxford ven- 
tilator. This was driven by an oxygen supply, at 
approximately 380 kPa, derived from a mini Schraeder 
outlet on the anaesthetic machine. 

The patient was put into the lithotomy position on an 
Eschmann GXL table. Once she was stable, the 
orderlies asked permission to move her down by sliding 
the table along the runners on the table. One of the 
orderlies gripped the anaesthetic machine along its front 
edge in order to move it alongside the table, to prevent 
any tension in the patient breathing system. When he 
gripped and pulled the machine, there was a loud 
roaring sound and automatic ventilation stopped. The 
high pressure oxygen pipeline had been disconnected at 
a pipeline joint on the machine. 

The noise alerted the staff to the problem and whilst 
an Ambu bag was being brought into theatre the orderly 
had managed to replace the pipe in the affected joint 
and was able with force to maintain a gas-tight seal. 
Another anaesthetic machine was brought into the 
operating room and the patient was transferred. The 
patient did not suffer hypoxia due to the alertness of the 
theatre staff and the operation was concluded success- 
fully. 

The machine, which was on a standard maintenance 
contract with Ohmeda, the manufacturers, was sub- 
sequently inspected by the Physics Department and a 
representative of Ohmeda. The oxygen pipe which had 
become disconnected supplied oxygen to an auxillary 
outlet block and was routed along the front edge of the 
machine directly under the top tray (Fig. 1). 

Simplifix compression fittings are used extensively on 
the Boyle range of anaesthetic machines for pipe 
jointing. It was apparent that the pipe had been pulled 
out of one such joint by the force exerted as it was 
gripped against the front edge of the machine. Further 
inspection showed that the securing nut at the joint 
concerned was only finger tight and had never been 
tightened sufficiently to compress the sealing ferrule 
onto the tube. Other joints on the machine, whilst not 
leaking, were in a similar condition. 


In view of these findings, the joints at either end of 


the similarly positioned pipe on seven other anaesthetic 
machines in the theatre suite were inspected. The torque 
required to loosen the joints were measured in each case. 
A mean value of 2.2 Nm (range 1.4-2.7 Nm) was 
measured for the 14 joints inspected. In each case the 
sealing ferrules had been properly compressed onto the 
pipes. 





Fig. 1. 


This is a potentially serious hazard since discon- 
nexion of high pressure oxygen pipe work on the 
machine effectively removes the oxygen supply to the 
Rotameter block which supplies the patient system and 
to auxillary outlets which may be used to drive ven- 
tilators. This supply is not restored by opening the 
oxygen cylinders attached to the machine. 

It is accepted that a handle is provided at one corner 
of the machine, but in practice users frequently find it 
more convenient to grip the machine at other locations 
in order to guide it as it is being moved. The position 
of a gas supply pipe along, and close to, the front edge 
of the machine therefore presents a potential hazard. 
This was exacerbated in the case reported here by the 
fact that the pipe joints were inadequately tigatened 
(although the machine was regularly serviced under 
contract). Rerouting the pipe away from the front edge, 
which appears to present no technical difficulties, would 
minimise the possibility of accidental damage to the 
pipeline joints. 

This incident has been reported under the Hazard 
warning system and to the Safety committee of the 
Association of Anaesthetists of Great Britain and 
Ireland. It should also be noted that unless an obvious 
gas leak resulted, the presence of the inadequately 
tightened securing nuts would not normally be detected 
by standard user safety procedures. 
Department of Anaesthesia, H.M. JONES 
Royal Infirmary, 

Glasgow G31 3ER 

Department of Clinical Physics 
and Bioengineering, 

Crosshouse Hospital, 

Kilmarnock, 

Ayrshire 


M.J. Sik 


f. 
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Flowmeters: an old problem reappears 


The plastic bodied oxygen flowmeters produced by 
Ohmeda Ltd have recently been the subject of a 
significant number of complaints associated with 
apparent fluctuation in the gas flow. What usually 
happened was that the flow was set to 5 litres 
minute and then, after a period of time, the reading 
changed to around 9 litres/minute. If the flow was re- 
adjusted to give a reading of 5 litres/minute then again 
after a period of time the reading changed without 
further adjustment of the control valve. Readings as low 


as 2 litres/minute were observed. In certain circum- 


stances it was found to be impossible to set a flow of 


5 litres/minute. In this case, the indicator ball rises 
smoothly to around 4 litres/minute and then suddenly 
jumps to 6 litres/minute with the reverse effect when 
trying to reduce the flow to 5 litres/minute. 


These effects were very frustrating for the staff 


involved, since it meant that they had to check the 
flowmeter reading much more frequently. They began 
to suspect and criticise the control valve on the flow- 
meter and also the stability of the pressure in the 
hospital piped gas system. However, investigation 
quickly revealed that an electrostatic charge was 
accumulating in the flowmeter and that this was 


Protective sheath for 


A progressive level of sterility marks the respiratory 
tract distal to the vocal cords, whereas the upper air- 
ways are known to be abundantly populated with 
potentially pathogenic bacteria.! Tracheal intubation is 
believed to be responsible for the transfer of bacteria, 
especially when the nasal route is used.?*? Recently, a 
protective hood has been devised for mechanical 
purposes.* A simple protective sheath to minimise the 
bacterial contamination caused by a nasotracheal tube 
might also be useful. 





affecting the position of the indicator ball. When this 
happens the delivered flow is not accurately related to 
the indicator ball position. 

This problem is acute in this particular model of 
flowmeter, not only because it is made from plastic 
material which is not antistatic, but also because of the 
light weight of the indicator ball. This ball weighs only 
0.15 g and hence the forces generated by the electro- 
Static charges can have a significant effect on its 
position. 

The problem may not be too critical where the patient 
is using a Venturi type face mask as variations in oxygen 
flow will not have too much effect on the concentration 
of oxygen delivered. However, the effect significantly 
alters oxygen concentration in most other forms of 
oxygen therapy; in these circumstances we strongly 
suggest that alternative flowmeters be used. 


West of Scotland Health Boards, 

Department of Clinical Physics 
and Bio-Engineering, 

11 West Graham Street, 

Glasgow G4 9LF 


W. RICHARDSON 
A. SHAW 


nasotracheal tube 


Twenty-five adult patients, for cholecystectomy or 
gastric resection under general (halothane) anaes- 
thesia, were randomly divided into two groups. In the 
first group of 10 patients, unprotected tubes were used; 
in the remainder sheathed tubes were used. The sheaths 
were improvised from very thin, but tough, sheets of 
polyethylene; they were as long as the tube and 2-3 cm 
in diameter. They were sterilised together with the 
tracheal tubes by ethylene oxide in protective bags 
(Fig. 1). 
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Table 1. 
Cases with identical flora 
Probability 
Unprotected Protected 
tubes tubes 
Tube cuff/nose 10/10 S/S < 0.0005 
Tube tip/nose 6/10 3/15 <0.05 





The nasal fossa, epipharynx and tracheal walls 
(through the glottis) were sampled for bacterio- 
logical examination before tracheal intubation. After 
the sheathed tube reached the epipharynx, just close to 
the glottis, a hood was cut out from the sheath end, 
corresponding to the tube tip, with long scissors. It 
was only then that, with Magill forceps, the tube was 
passed further into the trachea by sliding it within its 
sheath. Once anaesthesia finished, tracheal extubation 
under direct vision control, and after careful toilet of the 
pharynx, was performed. When the cuff and the end of 
the tube appeared in the pharynx, they were sampled for 
bacteriological examination. Sheaths, tubes, instru- 
ments and suction catheters were all sterile before use. 

The cultures were considered in relation to the 
bacteria which are normally found in the nasal fossa. 
These were compared with the cultures from the 
tracheal portion of the tube and the tip of the tube. The 
incidence of identical bacterial specimens is shown in 


Table |. The sheath offers significant protection. 
Nasotracheal intubation with such a tube-in-sheath is 
more difficult than usual. It might perhaps be reserved 
for those patients who require ventilatory assistance, 
but who are considered to have a low natural resistance. 
Manufacturers could find technical solutions to make 
it more practical. A removal mechanism for the hood, 
similar to that of the upper cellophane covering a 
cigarette packet, i.e. a tear-strip, might be considered. 


Spitalul Cl. Judetean, 
Str. Clinicilor 3, 
3400 Cluj-Napoca 4, 
Romania 


E. CARDAN 
J. VLAD 
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Peripheral circulation 


Dr P.W. Duncan's letter (Anaesthesia 1986; 41: 88) 
demonstrates the value of a photoelectric pulse monitor 
as a monitor of regional perfusion in an extremity. This 
device can also be useful in the acute management of 
fractures which jeopardise the arterial supply to a limb. 
A supracondylar fracture of the humerus, in particular, 
can damage the brachial artery and later manipulations 
with flexion of the elbow can further compromise per- 
fusion. Both situations may result in Volkmann's 
ischaemic contracture if not rapidly corrected. *? Thus, 
great care must be taken to ensure the adequacy of 
perfusion distal to the injury. 

In three separate cases of supracondylar fractures in 
children it has been found helpful to have a pulse 
monitor (Kontron finger pulse sensor with a Roche 108 
monitor) on the thumb of the injured arm during 
reduction of the fracture and the subsequent position- 
ing and immobilisation of the limb. The extent to which 
reducing the fracture improves perfusion can be demon- 


strated, and the arm can be immobilised with the degree 
of elbow flexion at which the pulse amplitude is 
maximal. 

This technique is of greatest value when the extent of 
tissue oedema, swelling and arterial spasm is such that 
the radial pulse is difficult to assess at all by palpation. 
Nuffield Department of Anaesthetics, C.M. WAIT 
John Radcliffe Hospital, 

Headington, 
Oxford OX3 9DU 
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Anaesthesia by telephone: an aid to induction of anaesthesia in children 


A popular method for the induction of anaesthesia in 
- children involves the inhalation of gaseous anaesthetic 
agents. This requires the use of a conventional mask and 
anaesthetic system which may arouse both fear and 


suspicion in young patients. Children between the ages 
of 3 and 6 years pose a very special problem. Indeed, 
many will respond vigorously even before anaesthetic 
agents are introduced and physical restraint may then 


La 
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Fig. 1. 


be required, with the attendant risk of emotional 
damage to the child. Patient compliance can be 
improved by the use of an anaesthetic delivery system 
which resembles some familiar object, and also by 
diverting the child’s attention to some pleasant subject. 
Bigger children, babies and neonates are usually not a 
problem for induction of anaesthesia. 

We have modified a toy telephone for induction of 
anaesthesia in pre-school children. (Fig. 1). A gas 
delivery tube and a telephone speaker are fitted to the 
mouthpiece and earpiece respectively and a tape 
recorder is placed within the instrument base. By this 
means, nursery stories can be heard by the patient while 
holding the telephone to his ear. In this position 
anaesthetic gases can easily be added to his inspired air. 

Initially, the device is introduced to the child as a 
friendly toy, preferably on the day before surgery. At 
that time a clear, truthful and appropriately detailed 
account is given to the child as to the exact function of 
the anaesthetic telephone. 

Special care is taken that the child and his parents 
understand clearly that the telephone functionally 
resembles the conventional mask, but just makes it 
easier and more pleasant to hold and that he need not 
fear physical restraint with a mask. Children are 
correctly selected at the premedication visit and 
alternative methods of induction (e.g. intramuscular 
induction agents) are planned for older children, babies 
and noncompliant children. 

Just before induction, the child and his parent(s) are 
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Fig. 2. 


invited into a suitable induction room, the patient is 
given the telephone again and a story appropriate to the 
age and sex of the child is selected. Staff and lighting are 
limited to a safe minimum and physical contact between 
the child and his parent(s) is encouraged while the staff 
keep a low profile and the anaesthetic equipment is 
placed behind the child. Nitrous oxide and oxygen are 
given from the outset (Fig. 2), with the addition of 
halothane when drowsiness develops. Upon loss of 
consciousness, anaesthesia is continued using a 
conventional anaesthetic breathing system. 

In practice the device has proved both effective and 
popular in young patients. A familiar object such as a 
toy telephone, and the presence of one or both parents 
at the time of induction provides the security so badly 
needed in an otherwise strange environment. 


A.P. BOEZAART 
C.H. VAN HASSELT 


Department of Anaesthesia, 
Area 361, 

Johannesburg Hospital, 
Private Bag X39, 

2000 Johannesburg, 

South Africa 


The anaesthetic pacifier for induction of anaesthesia 


The classical babies dummy or pacifier has been used 
for centuries to quieten unhappy infants. The anaes- 
thetic pacifier, (TLT Instruments Ltd) incorporates a 
method of administration of anaesthetic gases via such 


a pacifier. Its effectiveness in induction of anaesthesia 
was compared to a Rendell-Baker-Soucek type mask - 
(Fig. 1). 

Sixty children, aged 1-18 months participated; all 


678 Correspondence 





Fig. 1. The anaesthetic pacifier, anterior and posterior views. 

The nasal hood and gas entry part are shown superiorly. 

A number | Rendell-Baker Soucek Mask is shown for 
comparison. 


were ASA grade | or 2. Selection into group A (pacifier) 
or group B (mask) was on an alternating basis until each 
group had 30 patients. The two groups were com- 
parable: group A, mean age 7.03 months (SEM 0.869), 
mean weight 7.8 kg, (SEM 0.457) and group B mean age 
7.66 months (SEM 0.786), mean weight 8.0 kg (SEM 
0.383). 

All the patients received an oral premedication of 
trimeprazine tartrate 2 mg/kg, methadone 0.1 mg/kgand 
atropine 0.02 mg/kg intramuscularly before induction 
60 minutes. Group A were offered the pacifier in the 
holding room. If they rejected it, it was dipped in sugar 
and re-offered. Five out of 35 babies refused the pacifier 
and were excluded from the study. Induction took place 
with an oxygen flow of one litre/kg with halothane 
4%.! The anaesthetist’s hand was cupped over the 
nose hood of the pacifier to act as a reservoir, and the 
pacifier was gently moved in the mouth to stimulate 
sucking. Once asleep, muscle tone was lost and the 
pacifier was displaced; airway obstruction from the 
tongue frequently occurred. This required placement of 


a Guedel airway and the use of a Rendell-Bakes-Soucek 
mask. Tracheal intubation was carried out when 
possible, using the appearance of a fixed central pupil 
as an end point. The time from commencing induction 
until intubation was noted. Group B received 4% halo- 
thane in oxygen induction via a Rendell-Baker-Soucek 
mask and Ayre’s T-piece.* The time to intubation was 
noted. 

Intubation time was faster in group B, mean 
2.9 minutes (SEM 0.129), than in group A, mean 3.9 
minutes (SEM 0.129). Behaviour at induction was 
assessed and no differences were shown. Breathholding, 
defined as longer than 10 seconds, and irregular breath- 
ing occurred in five group B patients and in none of the 
group A patients. It was transitory and of no clinical 
significance. Salivation was not significant m either 
group and no laryngospasm occurred. 

The anaesthetic pacifier was not suitable for main- 
tenance of anaesthesia because of the loss of a safe 
airway once the child is asleep; ventilation cannot be 
assisted with this apparatus. The system is an open 
one which does not contribute any apparatus dead 
space but, due to its open nature, does contribute to 
pollution. 

Depariment of Anaesthesia, K.A. PAYNE 
Tygerberg-Hospital, 

Private Bag, 

Tygerberg 7505, 

South Africa 
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Pneumothorax following insertion of a nasogastric tube 


A 66-year-old lady weighing 35 kg, suffering from acute 
onchronic bronchitis, had been intubated and her lungs 
ventilated intermittently for 10 days. She was weaned 
with difficulty. Some hours after tracheal extubation an 
85-cm fine bore Clinifeeding Tube with its introducer 
guide wire was passed without resistance by the nasal 
route. The patient remained alert and comfortable 
eduring the 2 hours whilst a portable radiograph was 
arranged. Before the developed X ray was returned, she 
became acutely dyspnoeic and cyanosed with profound 
bradycardia during physiotherapy. Her trachea was 
_ again intubated. The feeding tube was found to pass 
between the cords and the trachea was deviated to the 
left. A right-sided tension pneumothorax was drained in 


the usual way. The patient subsequently mace a full 
recovery. 

The portable radiograph clearly showed the feeding 
tube passing down the right main bronchus and out into 
the posterior pleural space where the excess tube coiled 
up. This demonstrates that the reflexes which guard the 
respiratory tract may be reduced following prolonged 
tracheal intubation, and emphasises the importance of 
having a chest radiograph before nasogastric feeding is 
started. 


W.H. KONARZEWSKI 
G.D.H. RICHARDS 
S.J. THOMSON 


Colchester General Hospital, 
Colchester, 
Essex C04 SJL 
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The Bridgend modification of the Manley ventilator 


The Manley ventilator is one of the most widely used 
ventilators in operating theatres in Britain. Its ease of 
use and proven reliability has made it the choice of 
many anaesthetists. The Bridgend modification is 
designed to improve upon the original by providing an 
extra mode of use: controlled ventilation with either a 
rebreathing or nonrebreathing system. 

Figure | shows the Blease Manley MP3 which has 
undergone the Bridgend modification. A variable flow 
restrictor, labelled rate is attached to the right side of the 
ventilator. This controls the flow from a high pressure 
air or oxygen supply at 350 to 400 kPa to the con- 


ventional 60 kPa gas inlet. This independent gas supply 
provides the motive force for the ventilator. In use as a 
driving (power) system with a rebreathing or non- 
rebreathing system, the inspiratory and expiratory 
ports are short-circuited by a T-piece and the third limb 
connected to the breathing system of choice (Fig. 2). 
This tubing provides a dead space greater than one 
litre and so the driving gas of the ventilator does not 
contaminate the patient’s breathing system. The tidal 
volume is set by conventional means. The ventilation 
rate is dependent upon the gas flow into the ventilator 
and is adjusted by the flow restrictor labelled rate. In 





Fig. 1. The Bridgend modification. 
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this configuration, the functional characteristics of the 
ventilator are that of a variable frequency, variable 

. phase, time-cycled, pressure or volume limited pressure 
generator. 

The Bridgend Manley is as easy and reliable in 
operation as its esteemed progenitor. The added 
features considerably increase the versatility of 
the ventilator. As with every anaesthetic system, care 
has to be taken to ensure the correct connexion of all 
tubing. The production machine, the Blease Manley 4, 


of which ours is a prototype, is suitably modified and 
marked to avoid incorrect use. 

We are grateful to Blease Medical Equipment 
Limited for their technical support and engineering 
expertise. 


J.Y. KWAN 
R.W. Morris 


Department of Anaesthetics, 
Princess of Wales Hospital, 
Bridgend, 

Mid Glamorgan CF31 IRQ 


The case for dilution of ketamine 


Ketamine has been used for the past 4 years for 
radiotherapy in children. Recently, a 34-year-old child 
who weighed 16 kg with an astrocytoma was scheduled 
for planning, mould and radiotherapy. 

He had an anaesthetic with ketamine for his first 
treatment and required 3-4 mg/kg body weight through 
his Hickman line, which had been inserted previously. 
The total dose was 50 mg, but within seconds of this 
injection, the child started screaming and complained 
that he had a very unpleasant taste in his mouth; he 
refused to have any treatment the following day. It was 
decided to dilute the ketamine with normal saline 50 mg 


in 5 ml and this was given slowly intravenously; the 

child tolerated the rest of the treatment fairly well 

without further complaints. Top-up doses of 10-20 mg 

of ketamine during the radiotherapy procedure were 

not diluted. The induction dose was diluted and this 

varied daily from 120-150 mg in subsequent treatments. 
Has anyone else had a similar experience? 


The Royal Marsden Hospital, M.K. GADEMSETTY 
Fulham Road, 


London SW3 6JJ 


The Afya anaesthetic system 


The evaluation of the Afya anaesthesia system by E.A. 
Swai, A.M. Brooks and J.S. Mecklenburgh (Anaes- 
thesia 1985; 40: 1213-6) was interesting. A system which 
can help to give simple controlled anaesthesia where 
more complicated machines are either not available or 
cannot be used, is welcome. 

It appears that the Afya vaporizer works on the same 
basic principles as the EMO but the compensation for 
temperature changes is different. It is good that it can 
be used with an Oxford Miniature vaporizer and, 
indeed, one or two of these could be used instead of the 
Afya as in the Triservice system. ' 

Is it correct to infer from their Fig. | that in the pae- 
diatric arrangement, there is a small bag for babies and 
small children? How vulnerable is the thermometer? It 
looks as if it might be easy to break. A self-inflating bag 
is fine for controlled ventilation, but a minor drawback 
during spontaneous ventilation is that no movement of 
the bag will be seen. It is here that the Oxford inflating 
bellows has an advantage. A large proportion of anaes- 
thetics in developing countries employ spontaneous 
ventilation since expertise in controlled ventilation is 

“rarely available. How will the bag stand up to tropical 
conditions? 

For the benefit of those who have an EMO/OMV 
system already, it should be pointed out that infants and 

- children can still be managed.” Dr Swai mentions either 
the use of a high gas flow through the vaporizer or the 


Farman entrainment system; both are possible, but 
neither are very practicable in situations where gases are 
in short supply or even not available. However, if an 
ordinary Ayre’s T-piece is used, fitting the gas supply 
tubing to the Oxford bellows (or bag) outlet then slow 
repeated compression of the bellows (or bag) will 
produce a nearly continuous flow of gases to the T- 
piece. If a simple ventilator such as the positive pressure 
Radcliffe were to be used to inflate the bellows (nor the 
patient) with the anaesthetic gases, the bellows will 
remain fully expanded and the pressure can produce a 
flow of 5-10 litres/minute with ease. The set-up is then 
virtually the same as it would be using a Boyle’s 
machine, but I have no experience of using a self- 
inflating bag with a ventilator in this way. 
Lewisham Hospital, F.N. Prior 
London SE13 6LH 
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A reply 


We thank Dr Prior for his observations on our paper. 


<) 


x) 


There is a separate small bag for use with the 
paediatric system. The thermometer is encased in 
a tough plastic housing which protects it. We 
have never had any qualms about its vulnerability. 
We agree that during spontaneous ventilation 
the self-inflating bag would show little, if any, 
movement. However, the disc of the connecting 
valve is clearly visible through a transparent dome and 
provides an indication of inspiratory gas flow through 
the vaporizer. We have no information on the durability 
of the bags under tropical conditions, but would 


. 
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speculate that it would be no worse than the Oxford 
inflating bellows. 

Modification of the Afya system for use with infants 
or children is not necessary. Moreover, the use of a 
Radcliffe ventilator, as described, does sound a rather 
cumbersome arrangement (if not explosivel). 


A.M. BROOKS 
J.M. MECKLENBURGH 


Department of Anaesthetics, 
University Hospital of Wales, 
Cardiff CF4 4XW 


A resuscitation box for every anaesthetist? 


We agree with Dr Hilton’s idea that every anaesthetist 
should carry resuscitation equipment (Anaesthesia 
1985; 40: 486-7) but consider that the needs of the 
enthusiast and the ordinary anaesthetist should be 
distinguished. Dr Hilton’s box is appropriate for the 
enthusiast; one intended for every anaesthetist to have 
in their car, with a likely usage of once every 10 years, 
should be much simpler. 

The primary functions of an anaesthetist at an 
accident are to maintain the airway, the ventilation and 
the circulation. Secondary considerations such as 
analgesia and splintage can be deferred until Entonox 
apparatus and other ambulance equipment arrives. The 
extent of these primary functions is open to inter- 
pretation. For example, chest drainage could be 
included within the maintenance of ventilation. 
Whether or not a chest drain is to be carried can be 
considered in relation to the likelihood of its being 
needed. If the chance of meeting a significant injury is 
once in 10 years, the chance of requiring a chest drain 
at the roadside would probably be less than once every 
100 years. It could therefore be argued that a chest drain 
is not mandatory equipment for every anaesthetist. For 
the enthusiast, who has cither altered this likelihood by 
frequent attendance at accidents on a call-out scheme, 
or who wishes to feel prepared for all eventualities 
despite the very low probability of meeting them, then 
chest drainage equipment may be appropriate. 

All equipment can, be evaluated in this way, with the 
ordinary anaesthetist focusing on relatively common 
problems. A corollary is that the broader focus of the 
enthusiast must not overlook common problems. Thus, 
both sets of equipment should include frequently 
needed items such as scissors, a venous tourniquet to 
help secure venous access and pads to control external 
bleeding, all omitted from Dr Hilton’s list. 

Theexact choice of equipmentis, ultimately, personal. 
Simplicity is a prerequisite for the occasional attender 


at accidents. The more comprehensive array of the 
enthusiast must also retain considerable simplicity if it 
is to be practical in a dimly lit roadside ditch in winter. 
Furthermore, the enthusiast should arrange ap- 
propriate finance for his kit, and should display 
sufficient clinical maturity to use equipment only if 
there is a clear indication. There is little excuse for 
causing delays in hospital transfer or for carrying out 
nonessential procedures in the far from ideal conditions 
of the roadside. 


Department of Anaesthetics, P.A. OAKLEY 
Princess Margaret Hospital, M. O'CONNOR 
Swindon SN1 4JU 

A reply 


It is pleasing that Dr Oakley and Dr O'Connor agree 
with my suggestion that every anaesthetist should carry 
resuscitation equipment, but cannot accept that my box 
is appropriate for the enthusiast . . . and should be much 
simpler. 

Its aim is to provide, in the smallest possible space, 
the basic drugs and equipment necessary for an 
anaesthetist to deal with any life threatening emergency, 
not just roadside trauma. Replacing a simple chest 
drainage system with scissors, a venous tourniquet and 
pressure pads would add greatly to the bulk, but not 
much to the chances of survival. 

If by enthusiast they mean a doctor using the unique 
skills of his specialty, to do his best for critically ill 
patients, then I confess that I am one. Surely anaes- 
thetists can do more than act as glorifted first aiders? 


Department of Anaesthetics, P.J. HILTON 
University Hospital of Wales, 


Cardiff CF4 4XW 


. 


Anaesthesia, 1986, Volume 41, pages 682-687 


Anaesthetic literature 


This section of Anaesthetic literature contains references taken from Current Contents—Life Sciences for December 
1985. The Journals which may be consulted when Anaesthetic literature is compiled are those listed in Current 
Contents—Life Sciences, published by the Institute of Scientific Information, Philadelphia, Pennyslvania, USA. 


Abdominal surgery 
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Pharmacology 
Adrenergic drugs and their antagonists 


Cooling and alpha 1- and alpha 2-adrenergic responses 
in cutaneous veins: role of receptor reserve. 
FLAVAHAN, N.A., LINDBLAD, L.-E. et al. American 
Journal of Physiology 1985; 249: H950. 


Anaesthetic agents 


Halothane hepatitis: detection of a constitutional 
susceptibility factor. FARRELL, G., PRENDERGAST, D., 
Murray, M. New England Journal of Medicine 1985; 
313: 1310. 
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induced depression of a brain stem reflex: an 
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Analgesic agents 
Clinical evaluation of a naltrexone sustained-release 
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preparation. CHaina, C.N., HOLLISTER, L.E. ef al. 
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Muscle relaxants 
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Other drugs 


Effect of diazepam on drug absorption and gastric 
emptying in man. ADELHOJ, B., PETRNG, O.U. et al. 
British Journal of Anaesthesia 1985; $7: 1107. 


Apparatus 


Clinical assessment of oxygen conserving devices in 
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Hayuurst, M.D. et al. Thorax 1985; 40: 820. 

Technical and clinical assessment of oxygen con- 
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General anaesthetic procedures 
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Local analgesia 
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The Sir Henry Dale lecture of 1985: -endogenous 
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170. 
Erratum 
Anaesthesia, 1986, Volume 41, page 687 
Halothane and trichloroethylene 
Two agents in a single vaporizer 
N. HOLLIS 


We regret that in this article the diagrams for Figs 3 and 4 were accidentally transposed and, similafty 
i the diagrams for Figs 5 and 6. Corrected reprints are available from the author. 
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Hazard notice 


Ether explosion during anaesthesia 


A recent incident which involved the use of diethyl ether 
resulted in an explosion which caused fatal injury te a 
patient. The most likely source of ignition was the 
cautery probe which was in use at the time within the 
zone of risk, that is within 25 cm of the breathing 
system. Flammable anaestheic agents should not be 
used in the presence of an ignition source such as 
cautery (hot wire) diathermy or laser. Electrical equip- 
ment used within the 25 cm Zone of Risk must comply 


with the requirements of BS5724 Part I and be marked 
Anaesthetic Proof Category G Equipment (APG) or 
Anaesthetic Proof Equipment (AP) depending upon the 
distance from the breathing system. Antistatic pre- 
cautions must be taken to avoid electrostatic sparking 
in areas where inflammable. anaesthetics are ad- 
ministéred. The recommendations in HTM 1 and HTM 
2 need’td be strictly adhered to. 


The need to use flammable anaesthetic agents should 
be reviewed by anaesthetists. 
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